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INTRODUCTION 
Improvsment of dairy cattle through breeding is currently accom­
plished by effectively using the additive genetic variation in the popu­
lation. The effectiveness of selection depends upon a thorough know­
ledge of the total variation in the trait or traits, and causes related 
to the variation. Identification of the sources of variation and removal 
of extraneous, nongenetic variation are primary considerations in esti­
mating genetic parameters of a population and, in fact, in making genetic 
advance in a population. The relationships among different facets which 
make up the total phenotype must be known. These include not only the 
phenotypic correlations, but also the genetic correlations. Consequen­
ces of selection for specific traits, or combinations of traits, cannot 
be evaluated without estimates of the current population parameters. 
Historically, selection for production of milk and milk constit­
uents has been based upon total lactation production. Though standards 
have varied, the most widely accepted length of record is 305 days. Be­
cause of the time and expense involved in recording daily production, 
various schemes have been proposed for sampling at differing intervals. 
Most milk production testing programs provide for monthly sampling of 
each individual cow's milk throughout the lactation. Total monthly 
production is estimated from the weights taken on each of these days, 
and the percentage composition of the constituents on these days. The 
relation between total lactation production and daily production on 
the sampled days is, of necessity, a part-whole relation. Because of 
the automaticity, it is important to evaluate the relative influence 
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of each part. 
The earlier that selections are made with adequate reliability, 
the faster is the genetic advance in a population. Consequently, wor­
kers have tried to find sampling procedures which would allow early 
selection with little loss in accuracy. Other procedures which require 
sampling at less frequent intervals have been advanced to save costs 
incurred in testing programs. To evaluate such procedures, one must 
be aware of the variances and covariances among the sampling periods 
which cover a lactation period. 
The correlations among milk constituents have been measured pri­
marily on lactation yields. It is not known if the correlations are 
constant throughout the lactation or whether they are different, depend­
ing upon the stage of lactation. For predicting genetic advance in 
changing milk composition or relative proportions of milk constituents, 
the relations among production traits on a monthly basis must be known. 
Although the solids-not-fat (SNF) portion of milk is the most important 
nutritionally, there appears little likelihood of a change in milk mar­
keting in the near future. Without a payment scheme based on SNF, 
there is little incentive for testing or selection for SNF. To know 
how, or if, a change in milk composition can be made through breeding, 
estimates of the genetic parameters are needed. 
The purpose of this study was to estimate the phenotypic and addi-
tively genetic parameters concerning monthly production. The traits 
considered were milk, milk fat and SNF. The parameters were estimated 
for milk and milk fat because the traits are valuable now. The esti-
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mates from these traits also serve as a basis for comparison with other 
studies in which Sî®* information was not available. 
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REVIRJ OF LITERATURE 
Recent investigations into the genetic parameters for monthly 
production of milk and milk fat have been done primarily in Michigan 
and New York. Early workers studied the phenotypic relationships of 
part and whole lactational production. Gaines (1927) found the pheno­
typic correlations between total milk yield and production in single 
months were highest for the fifth through seventh months of lactation. 
Most genetic studies have been concerned with lactation yields and milk 
fat percentage. Robertson e_t al. (1956) and Blanchard £t (1966) 
are among the relatively few studies which have included other milk 
constituents. Wilcox (1956) reported on findings from an interregional 
project involving SNF. Reviews by Tyler (1958), Legates (1960), and 
Laben (1963) cover the studies which had been previously reported for 
constituents other than milk fat. 
Part Lactations 
J 
Due to the sequential nature of monthly observations and the manner 
in which dairy records are processed and accumulated, cumulative part 
records are available earlier than complete lactation information. If 
larger numbers of cows can be tested and evaluated through efficient 
use of early lactation performance, selection differentials can be in­
creased and generation intervals can be decreased. These results speed 
genetic progress. It is obvious that the correlations between monthly 
and total production are partially automatic due to their part-whole 
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relationship. However, it is important to evaluate these correlations 
when considering selection for total production based upon partial in­
formation. 
Mahadevan (1951) estimated the heritability of 180-day milk yield 
to be 0.25-0.30 for his sample of Ayrshires in Scotland. The average 
repeatability was 0.46. Rendel (1957) used the paternal half-
sib method to estimate heritability of 70-day milk production. Their 
estimate was 0.36 for first lactation heifers. The comparable value 
for 305-day production was 0.43. The phenotypic correlation between 
70- and 305-day production were 0.38 and 0.48, respectively. Milk fat 
percentage was more highly repeatable at 0.55. 
Madden e^ al. (1955) studied the genetic correlations between 
cumulative segments and the lactation total in data from the Iowa State 
College Holstein herd. The estimates were all approximately 1.0. The 
relative efficiency of selection for whole records by using partial 
records was high. The efficiencies indicated selection should be on 
the first 60 days or not until the lactation exceeds six months in i 
length. The highest intraclass correlation estimate of repeatability 
for single monthly production was in the second month of lactation. 
For cumulative production, the repeatabilities increased through the 
third month. The heritabilities of single months were somewhat erratic, 
but appeared to decline through the fourth month after which a maximum 
was reached in the sixth month. The estimates declined rapidly through 
the remainder of the lactation. These estimates were derived from the 
intrasire regression of daughter on dam. 
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Madden e^ al. (1959) obtained records of Holsteins enrolled in 
the Herd Improvement Registry program throughout the United States. 
They estimated phenotypic correlations among all parts of the lactation 
and between all cumulative portions and the total. As expected, ad­
jacent months were more highly correlated than nonadjacent months. 
Single test days (months) were highly correlated with the total; the 
maximum was reached in the fifth and sixth months. The cumulative 
production reached a correlation of 0.95 by the sixth month of lacta­
tion. The correlations between individual months and total production 
were higher for younger cows when computed within age groups with un­
adjusted data. This is a reflection of the greater persistency of youn­
ger cows and also of the lower variability of production. Fritz ^  al. 
(1960) found correlations of cumulative parts with total to exceed 0.9 
by the fourth or fifth month of lactation. These correlations were 
computed from data of the Michigan Dairy Herd Improvement Association 
(DHIA). The effects of herd, age, and season were ignored. 
Van Vleck and Henderson (1961) made an extensive study of part 
lactations in data from New York Holsteins enrolled in DHIA. Their 
estimates of repeatability for monthly test-day production showed a 
curvilinear trend with the maximum in the sixth month of lactation. 
These estimates were derived from the regression of a latter record on 
a previous one. The paternal half-sib estimates of heritability for 
monthly milk production showed an increase through the third month. 
This was followed by a gradual decrease through the remainder of the 
months of lactation. The pattern for milk fat production was erratic. 
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The estimates fluctuated from the highest for the first month to the 
lowest for the fourth and tenth months. The repeatabilities of cumu­
lative milk and milk fat production showed a steady increase as the 
lactation progressed. The largest increases occurred in the early-
months of lactation. The heritabilities of cumulative production quickly 
approached the heritability of complete lactation yield and remained 
constant through the rest of the months for both milk and milk fat. 
The genetic correlation between cumulative and total milk production 
exceeded 0.9 by the fourth month of production. Van Vleck and Henderson 
(1961) also estimated the genetic and phenotypic correlations among 
monthly test-day data and between these and lactation totals for milk 
production. Among monthly records adjacent months were most highly 
correlated. The genetic correlations tended to be higher than the cor­
responding phenotypic correlations. The fourth through sixth months 
were most highly correlated phenotypically with total yield. Geneti­
cally, the fifth through seventh months were most highly correlated 
with the total. 
Searle (1961) in a study of Jersey data from New Zealand obtained 
estimates of heritability, repeatability, and genetic and phenotypic 
correlations for monthly milk fat yields. In general, he found the 
heritabilities decrease and the repeatabilities increase as the lacta­
tion progresses. However, there were not as many observations in later 
months of lactation because cows which were no longer milking were ex­
cluded. The phenotypic correlation between monthly production of milk 
fat and percentage declined as the lactation progressed. The genetic 
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and phenotypic correlations among monthly yields were similar to those 
in other reports. However, they were more extreme than other reports 
show in their decline as the number of months intervening increased. 
There was also a tendency for the correlations of adjacent months to 
decline as the month of lactation progressed. This was not in evidence 
in the other studies. 
Lamb and McGilliard (1967) reported on the relations of part 
records to lactation totals in Michigan data. They estimated heri-
tabilities from the pooled regressions of daughters on dams on a within 
herd, sire, and age or parity basis. Genetic correlations were estima­
ted from the same 3555 pairs of lactations. The heritabilities of monthly 
milk production declined from the first to second month of lactation and 
gradually increased to a maximum in the tenth month. The heritabilities 
of cumulative milk production followed a similar pattern, except the 
minimum occurred in the fourth month and the estimates were not as 
variable from one month to the next. The genetic correlations between 
parts and total were erratic. Of the single months, the intermediate 
ones tended to be most highly correlated with the total, but the cumu­
lative parts showed an ever-increasing correlation with total as the 
lactation progressed. The genetic correlation between cumulative and 
total milk production did not reach 0.9 until the lactation exceeded 
six months. The correlations for milk fat yield were quite erratic. 
The phenotypic correlations were based on nearly 25,000 lactations. 
The single months showed the same pattern for milk and milk fat, but 
the correlations for milk fat were generally lower. The maximum pheno-
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typic correlations between single months and total were in the fifth 
through seventh months. For cumulative production, the correlations 
were ever-increasing, reaching 0.9 by, or during, the fifth month. The 
product-moment estimates of repeatability for single months of adjacent 
lactations were generally higher than those for months of nonadjacent 
lactations. This would be expected since environment has more oppor­
tunity to influence production with greater differences in time. The 
repeatabilities of single months were highest during mid lactation. For 
cumulative production, the repeatabilities increased as the lactation 
progressed. The maximum in each case occurred in the ninth or tenth 
month of lactation. The repeatabilities of production in the second 
lactation of the cow were higher than those for production in any other 
lactation. 
Milk Constituents 
Early in this century, investigators reported on the phenotypic 
correlations between milk fat and SNF percentages and among yields of 
milk, milk fat, and SNF. Gowen (1919) reported on the lactation yields 
of 335 Holsteins. The phenotypic correlations among yields of milk and 
constituents and between milk yield and constituent percentages are given 
below. The capital subscripts refer to yields; the lower case sub­
scripts refer to percentages. 
^M,F =0.86 
^M^SNF = 0.95 
10 
^F,SNF = 0.91 
= -0.10 
^M,sn£ = -0.06 
Subsequent reports indicated similar relationships. Gaines and David­
son (1923) reported phenotypic correlations between lactation milk yield 
and milk fat percentage of -0.20 for Holsteins and -0.21 for Jerseys. 
Gaines (1928) cited five studies of the correlation between milk fat 
and SNF percentages. These ranged from 0.52 for 70 Jerseys at the 1904 
St. Louis Exposition to 0.80 from a Minnesota study of weekly production 
of 46 cows. In Gaines (1940), there is a citation to a summary by 
Krizenecky of all published work up to 1934 for various breeds in Amer­
ica and Europe. From 58 sets of data, he obtained an average correla­
tion of -0.20 between milk yield and milk fat percentage. Gaines (1941) 
cites unpublished data from 5311 Milking Shorthorn lactations. The 
phenotypic correlation between milk yield and milk fat percentage was 
-0.22 and between milk fat yield and percentage was 0.11. 
In one of the earliest studies to determine genetic relations of 
milk constituents from data obtained from other than identical twins, 
Robertson ejt al^. (1956) used a sample of 814 Ayrshires in Scotland. 
Their estimates of heritability were 0.25, 0.32, and 0.53 for milk 
yield, milk fat percentage, and SNF percentage, respectively. The gen­
etic correlations between milk yield and percentages were near zero 
(-0.01 and -0.02 with milk fat and SNF percentages, respectively), 
but the correlation between the milk fat and SNF percentages was 
0.46. 
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Table 1. Heritabilities with genetic and phenotypic correlations for 
Holstein data - Blanchard e_t; al. (1966) 
Trait Trait 
Milk Milk fat SNF m.f. snf 
Milk .74 .95 -.33 -.23 
Milk fat .88 .29 .81 .34 .16 
SNF .98 .90 .28 -.21 .08 
m.f. -.25 .23 -.15 .68 .54 
snf -.16 .07 .06 .47 .es 
^Heritabilities, underlined, on the diagonal; genetic correlations 
above the diagonal; phenotypic correlations below the diagonal 
Blanchard et al^. (1966) studied total lactation yields and percen­
tages from 13,675 Holstein cows enrolled in DHIA in the midwestern 
region of the United States. The heritabilities and correlations are 
shown in Table 1. Their estimates of heritability for the yield traits 
agree fairly well with those of Robertson e_t al. (1956) and other 
reports in the literature. The estimates for the percentage traits 
are somewhat higher than most reported elsewhere. The genetic correla­
tions involving yield and constituent percentage differ considerably 
more from zero and have a smaller standard error than.those of Robert-
son £t (1956). 
Sargent (1964) estimated heritabilities and correlations from 2936 
lactations of Holstein cows in North Carolina institutional herds. The 
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Table 2. Heritabilities with genetic and phenotypic correlations for 
North Carolina Holsteins - Sargent (1954) 
Trait Trait 
Milk Milk fat SNF m.f. snf 
Milk •20® 
S
 
! 
• 
! i 
.99 .02 .38 
Milk fat .90 .27 .85 .60 n.a.^ 
SNF .99 .91 .25 n.a. .53 
m. f. -.21 .26 n.a. 
'hi .55 
snf -.20 n.a. -.03 .56 
•hi 
^Heritabilities., underlined, on the diagonal; genetic correlations 
above the diagonal; phenotypic correlations below the diagonal 
^Estimate not available 
estimates of heritability for yields are similar to those of Blanchard 
^ (1966) and Robertson ^  al. (1956). The genetic correlations 
involving percentages differ quite markedly from other reports in the 
literature. The estimates of heritability for the percentage traits 
agree with most other estimates. All genetic estimates were obtained 
from the analysis of paternal half-sibs. They are presented in Table 2. 
In another report from essentially the same data as used by Sargent, 
Butcher et al. (1967) give the heritability estimates from the regres­
sion of daughter on dam. These are summarized in Table 3. The heri­
tabilities and phenotypic correlations are in close agreement with 
Blanchard et al. (1966). Tlie genetic correlations between yields and 
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Table 3. Heritabilities with genetic and phenotypic correlations from 
regression of daughter on dam in North Carolina Holstcins -
Butcher et al. (1957) 
Trait Trait 
Milk Milk fat SNF m.f. snf 
Milk .28^^ . 66 .97 -.61 -.43 
Milk fat .87 .17 .76 .18 .13 
SNF .99 .90 .24 -.47 -.20 
m.f. -.17 .32 -.09 .62 .69 
snf -.15 .09 .01 .51 •53 
^Heritabilities, underlined, on the diagonal; genetic correlations 
above the diagonal; phenotypic correlations below the diagonal 
percentage constituents are again extreme. However, they are extreme 
in the opposite direction from the estimates obtained from the paternal 
half-sib analyses. Butcher £t al. (1967) also obtained estimates of 
repeatability for lactation yields and percentages. The estimates were 
0.53, 0.48, and 0.50 for yields of milk, milk fat, and SNF, respectively. 
For milk fat and SNF percentages, they were 0.63 and 0.61, respectively. 
This study involved 3841 lactations. 
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SOURCE AND ADJUSTMENT OF DATA 
Records of the Dairy Herd Improvement Associations (DHIA) from sev­
eral midwestern states are processed at Iowa State University. The pro­
cessing of SNF information provided by the Golding plastic bead procedure 
was first offered in July 1962. Data were used only from herds which were 
enrolled in SNF testing. These data were collected from July 1962 through 
July 1966. Distribution of observations from the first two-thirds of this 
period is given by Spike (1966). 
For this study, only lactations which began with a reported calving 
date were used. If the first reported milk weight and test were not with­
in three calendar months of the fresh date, the lactation was excluded. 
All lactations which began with reported abortions were discarded as these 
were considered abnormal. Similarly, all lactations terminated by sale 
or death of the cow prior to 305 days in milk were eliminated from any 
analyses. Terminal lactations were included as a part of the herd when 
computing herdmate averages. It was felt that the presence of such cows 
in the herdmates would more accurately indicate the environmental changes 
affecting the herd. Only data from cows more than 20 months of age at 
calving were retained. There are very few cows of younger ages under 
usual herd practices; such ages could result from incorrect birth date 
information. There were 579,666 monthly observations on Holstein cows, 
including those in terminal lactations. Observations on cows of other 
breeds totaled 161,473. 
The data considered were the daily production of milk, milk fat. 
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and SNF as sampled monthly throughout the year. Each observation was 
adjusted for the stage of lactation it represented. This was done by 
subtracting the appropriate constants for stage and age by stage inter­
action, as determined by Spike (1966). Multiplicative age factors, as 
reported by McDaniel e^ (1967), were used to adjust to a common age 
basis (mature equivalent). In algebraic form this may be expressed as 
follows: 
X = f^CXij - Sj - c.j) 
where x is the age and stage adjusted observation for a given cow; f^ 
is the multiplicative age factor for the age group as measured in 
months at freshening; is the daily observation for a given cow in the 
month of lactation within the i^^ age group as measured in years at 
freshening; sj is the least-squares constant for the j^^ month of lac­
tation as determined by Spike (1965); similarly, c^^ is the least-squares 
constant for the interaction associated with the j^^ stage and the i^^ 
age group. 
The multiplicative factors were chosen for two reasons. First, they 
were considered more precise since they are based on a monthly age at 
calving rather than on a yearly age basis, as were the constants derived 
from the earlier study of these data. The factors were derived from lac­
tation data which originated from the same region of the country as most 
of these data. Second, the multiplicative adjustments should make the 
variances more nearly homogeneous across age classes. With additive 
factors, the variances would remain unaffected. Madden et (1955) 
applied multiplicative lactation factors directly to monthly data, but 
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found this unsatisfactory except in mid lactation. This was due to the 
failure of the lactation curves to have the same shape from one age to 
another, i.e., an age by stage interaction. Because the additive con­
stants were used in these data to correct for the stage and the age by 
stage interaction, the monthly observation is expressed in terms of an 
average production without any stage effects, viz., a "lactation equiva­
lent". After multiplying by the proper age factor, one may express the 
observation on a matured, stage of lactation basis by adding in the stage 
and mature-age by stage interaction constants. The adequacy of this pro­
cedure in removing the age differences is indicated in Figure 1. The 
values represented there were obtained by the procedure just described. 
The average production values used for Figure 1 were not-adjusted for 
month of year, i.e., month of year was ignored. Two-year-old cows have 
a higher frequency of fall calvings than do mature cows. Production is 
depressed in the fall months according to the values obtained by Spike 
(1966). Therefore, part of the differences seen in Figure 1 which reflect 
the lack of perfect correlation for age effects is due to differences in 
calving patterns. 
To account for and eliminate effects due to months of year and 
herds, each adjusted observation was deviated from the average, adjusted 
production of the herdmates. The herdmates included all cows milking 
in the herd thé same calendar month, except for the cow herself. Cows 
which went dry prior to milking 305 days, or ten months, but still remained 
in the herd, were given credit for zero production through the remainder 
of the ten months of that lactation. The zp.ro production was adjusted 
17 
Month of Lactation 
Figure 1. Age-corrected production for Holstein two-year-olds and mature 
cows 
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for stage of lactation and age at freshening before it was included in 
the herdmate average. Cows which were dry, or milking, past 305 days 
or ten months were excluded from the herd average. 
The average of herdmates was found very effective by Van Vleck ^  al. 
(1961) in accounting for the variation associated with herds and seasons 
for lactation data. Although they considered the best procedure was that 
which regressed the average for numbers of herdmates and adjusted it by 
the regression of cow on herdmate average, these refinements were not 
considered as important for this study. The average number of herdmates 
for monthly data is much greater than for lactation data, due to the 
definitions of herdmates in the two cases. There are no estimates, to 
date, for obtaining the regression and adjustment figures for monthly 
data. Van Vleck and Henderson (1961) used the herd average for their 
study. This average includes the cow herself and thereby gives a biased 
estimte of the sire component in the analysis of paternal half-sibs* 
production. This bias was accounted for by Van Vleck and Henderson (1961). 
The deviation from herdmates gives an unbiased estimate of the sire com­
ponent, although the within sire estimate is slightly biased upward. 
The consequences of this bias have appeared small. 
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METHODS, RESULTS, AND DISCUSSION 
When deviations from herdmates are analyzed, it is usually as­
sumed that all differences among herds and months of the year (seasons) 
have been removed. The remainder is accepted as an expression of the 
inherent ability of the cow plus a random error. This error is the por­
tion of temporary environment which is peculiar to that cow and which 
cannot be discounted by using the average of the herdmates or by using 
average age correction factors. If these assumptions are met, it is 
rather simple to perform the analyses which allow estimation of repeat­
ability, heritability, and correlations, both phenotypic and genetic. 
Between Cow Analyses 
Analyses of yields 
For estimation of repeatabilities, the following model was 
assumed: ^ + h^ + c^j + l^jk + mijkn 
where is the deviation of a trait from its herdmate average for 
the n^h month of the lactation of the cow in the i^^ herd; 
is the effect common to all observations in the population; hj_ is any 
effect of the i^^ herd which remains after deviating the records; Cj[j 
is the effect of the jth cow in the i^h herd; l^jj^ is the effect asso­
ciated with the kth lactation of the cow; is the effect asso­
ciated with the nth month of the k^h lactation. It was assumed all ef­
fects were random, except p , with zero means and with variances 
herds, cows, lactations, and months. 
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respectively. Even though the data were deviations from herdmates, the 
effects of the mean and herds were left in the model. Including the 
effect of the mean allows for the removal of any variance due to the 
mean of the deviations not being zero. It is expected that the mean 
of such deviations should be zero, but sampling, selection among cows, 
and imperfect corrections could make it slightly different from zero. 
The same reasoning applies for including the herd effect in the model. 
The deviation process provides an average correction so some differences 
could remain. The herd effect was included in the model to judge the 
effectiveness of the deviation process in removing the between herd 
variance. Because observations within terminal lactations were inclu­
ded in herdmate averages, but not in the analyses, it was possible 
there could be additional herd differences remaining in the deviations. 
This could occur through differential success of herd owners in culling 
for production. The same analysis used for deviation data could also 
be used for non-deviated records. Such use would entail different ex­
pectations about the size of H and different definitions for and 
h^. would be the observation within the n^^ month of the 
lactation of the cow in the i^^ herd. The definition of h^ would 
be the effect common to all observations in the i'^ herd. 
The results of the analyses are presented in Table 4. The coef­
ficients for the expectations of the mean squares were calculated 
according to the usual formulas, as shown in Kempthorne (1957) and An­
derson and Bancroft (1952). The herd component is nearly zero, though 
slightly negative, for each deviated trait. For non-deviated traits 
the herd component is somewhat smaller than usually reported for 
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lactation data, such as that reported by Bereskin and Freeman (1965). 
This smaller percentage of the variance may be due to the herds being a 
selected sample. Blanchard et al. (1966) reported the lactation aver­
ages for cows in herds testing for SNF were considerably higher than 
those for all cows on DHIA test. 
The cow components and lactation components in Table 4 are approxi­
mately the same size for the deviated records as for the non-deviated 
records. However, the cow component for deviated data is usually lar­
ger than the corresponding one for non-deviated data. The reverse is 
apparent for the lactation component. The latter should be the result 
of the deviation process accounting for some of the extraneous variation 
affecting a cow's different lactations. Thus, the variation within 
cows is reduced; the greatest reduction is for months within lactation, 
as expected. The cause of the increase in the cow component is less 
obvious. It would appear that the removal of the environmental infl­
uences enhances the expression of differences among cows. This would 
imply that the environment tends to mask differences among cows. 
The differences between the coefficients of the expected mean 
squares for the deviated and non-deviated yield traits result from the 
exclusion of those observations from the analyses of deviated yields 
for cows which did not have herdmates. 
Repeatabilities of yields 
When the assumptions for estimating components of variance are 
fulfilled, the repeatability of monthly observations within the same 
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Table 4. Components of variance for deviated and non-deviated, adjusted 
daily yields 
Percent of 
Breed Source d.f. Component^  total 
variance 
Coefficients for 
expected mean squares 
H 
Holstein 
Deviated milk 
Herd 884 -1.21 0.0 1.00 
Cow/H 38656 37.17 29.4 1.00 
Lact./C 23785 36.03 28.5 1.00 
Month/L 415710 53.24 42.1 1.00 
7.72 
7.63 
7.44 
13.32 
12.08 
540.83 
Deviated milk fat 
Herd 884 -.00153 0.0 1.00 7.72 
Cow/H 38666 .04323 23.1 1.00 7.63 
Lact./C 23785 .05060 27.0 1.00 7.44 
Month/L 415710 .09353 49.9 1.00 
13.32 
12.08 
540.83 
Deviated solids-not-fat 
Herd 884 -.00847 0.0 1.00 7.76 
Cow/H 37535 .25057 27.5 1.00 7.76 
Lact./C 22490 .26482 29.0 1.00 7.63 
Month/L 408920 .39748 43.5 1.00 
13.23 
12.21 
530.41 
Non-deviated milk 
Herd 938 34.33 20.4 1.00 7.73 
Cow/H 39792 34.04 20.2 1.00 7,78 
Lact./C 24817 39.33 23.3 1.00 7.62 
Month/L 440231 60.89 36.1 1.00 
13.47 
12.39 
538.18 
Non-deviated milk fat 
Herd 938 .04912 20.3 1.00 7.73 
Cow/H 39792 .03846 15.9 1.00 7.78 
Lact./C 24817 .05457 22.6 1.00 7.62 
Month/L 440231 .09981 41.2 1.00 
13.47 
12.39 
538.18 
Non-deviated solids-not-fat 
Herd 917 .27666 22.0 1.00 7.70 
Cow/H 37571 .22669 18.0 1.00 7.77 
Lact./C 22540 .29693 23.6 1.00 7.63 
Month/L 409824 .45740 36.4 1.00 
13.07 
12.21 
512,44 
E^xpressed on a daily weight basis in pounds 
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Table 4. (Continued) 
Breed Source 
Percent 
d.f. Component total 
of Coefficients for 
variance 
-M 
.
 
Q,
 
l;-
l m
 
Brown Swiss 
Deviated milk 
Herd 103 -1.72 0.0 1.00 7.67 13.32 332.83 
Cow/H 2651 33.49 30.7 1.00 7.74 12.63 
Lact./C 1819 31.85 29.2 1.00 7.46 
Month/L 39305 43.71 40.1 1.00 
Deviated milk fat 
Herd 103 -.00262 0.0 1.00 7.67 13.32 332.83 
Cow/H 2651 .04553 22.6 1.00 7.74 12.63 
Lact./C 1819 .05484 27.2 1.00 7.46 
Month/L 30305 .10091 50.1 1.00 
Deviated solids-not-fat 
Herd 103 -.01382 0.0 1.00 7.72 13.27 328.06 
Cow/H 2581 .26230 29.6 1.00 7.87 12.79 
Lact./C 1747 .25894 29.2 1.00 7.60 
Month/L 29955 .36647 41.3 1.00 
Non-deviated milk 
Herd 133 26.70 18.7 1.00 8.18 14.44 289.25 
Cow/H 2804 31.11 21.8 1.00 7.98 13.24 
Lact./C 2022 34.59 24.2 1.00 7.72 
Month/L 34115 50.44 35.3 1.00 
Non-deviated milk fat 
Herd 133 .04628 18.4 1.00 8.18 14.44 289.25 
Cow/H 2804 .04098 16.3 1.00 7.98 13.24 
Lact./C 2022 .06019 24.0 1.00 7.72 
Month/L 34115 .10381 41.3 1.00 
Non-deviated solids-not--fat 
Herd 131 .25499 21.4 1.00 7.97 13.59 262.75 
Cow/H 2587 .23312 19.5 1.00 7.89 12.84 
Lact./C 1779 .28807 24.1 1.00 7.61 
Month/L 30511 .41796 35.0 1.00 
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Table 4. (Continued) 
Percent of Coefficients for 
Breed Source d.f. Component total expected mean squares 
varxanc. .3  ^
Jersey 
Deviated milk 
Herd 91 -0.75 0.0 1.00 7.34 11.80 353.79 
COW/H 2936 16.61 30.4 1.00 7.20 10.93 
Lact./C 1656 16.21 29.6 1.00 6.87 
Month/L 28500 21.91 40.0 1.00 
Deviated milk fat 
Herd 91 -.00179 0.0 1.00 7.34 11.80 353.79 
Cow/H 2936 .03355 21.1 1.00 7.20 10.93 
Lact./C 1656 .04355 27.4 1.00 6.87 
Month/L 28500 .08203 51.6 1.00 
Deviated solids-not-fat 
Herd 91 • -.00666 0.0 1.00 7.36 11.68 344.37 
COU/H 2874 .13653 27.6 1.00 7.23 10.87 
Lact./C 1558 .14986 30.2 1.00 6.97 
Month/L 27801 .20900 42.2 1.00 
Non-deviated milk 
Herd 106- 13.09 18.1 1.00 7.38 11.95 325.31 
Cow/H 3010 15.31 21.1 1.00 7.36 11.36 
Lact./C 1796 17.46 24.1 1.00 6.98 
Month/L 30564 26.59 36.7 1.00 
Non-deviated milk fat 
Herd 106 .03903 19.5 1.00 7.38 11.95 325.31 
Cow/H 3010 .02989 14.9 1.00 7.36 11.36 
Lact./C 1796 .04562 22.8 1.00 6.98 
Month/L 30564 .08568 42.8 1.00 
Non-deviated solids-not--fat 
Herd 105 .12677 19.1 1.00 7.28 11.43 300.77 
Cow/H 2876 .12645 19.0 1.00 7.25 10.90 
Lact./C 1566 .16510 24.9 1.00 6.98 
Month/L 28015 .24593 37.0 1.00 
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Table 4. (Continued) 
Percent of 
Breed Source d.f. Component total 
variance 
Coefficients for 
expected mean squares 
M H 
Guernsey 
Deviated milk 
Herd 129 -1.30 0.0 1.00 
Cow/H 2637 22.75 34.6 1.00 
Lact./C 1405 16.65 25.3 1.00 
Month/L 25903 25.38 40.1 1.00 
7.28 
7.32 
6.99 
11.63 
10.83 
229.01 
Deviated milk fat 
Herd 129 -.00269 0.0 1.00 7.28 
Cow/H 2637 .04195 27.0 1.00 7.32 
Lact./C 1405 .03742 24.1 1.00 6.99 
Month/L 25903 .07586 48.9 1.00 
11.63 
10.83 
229.01 
Deviated solids-not-fat 
Herd 129 -.01049 0.0 1.00 7.30 
Cow/H 2598 .17650 32.0 1.00 7.41 
Lact./C 1343 .14764 26.8 1.00 7.19 
Month/L 25792 .22737 41.2 1.00 
11.61 
10.91 
227.39 
Non-deviated milk 
Herd 170 15.93 19.2 1.00 7.62 
Cow/H 2702 19.77 23.8 1.00 7.47 
Lact./C 1513 18.00 21.6 1.00 7.33 
Month/L 28196 29.50 35.4 1.00 
12.38 
11.27 
188.42 
Non-deviated milk fat 
Herd 170 .03993 20.6 1.00 7.52 
Cow/H 2702 .03405 17.6 1.00 7.47 
Lact./C 1513 .04287 22.2 1.00 7.33 
Month/L 28196 .07651 39.6 1.00 
12.38 
11.27 
188.42 
Non-deviated solids-not-fat 
Herd 167 .14562 20.6 1.00 7.63 
Cow/H 2601 .14345 21.0 1.00 7.44 
Lact./C 1370 .16449 23.2 1.00 7.29 
Month/L ' 26487 .25019 35-3 1.00 
12.22 
10.98 
180.23 
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Table 4. (Continued) 
Percent of Coefficients for 
Breed Source d.f. Component total expected mean squares 
variance 2 f f J 
M L c : 
Ayrshire 
Deviated milk 
Herd 49 -1.11 0.0 1.00 7.32 12.46 378.41 
Cow/H 1557 24.35 27.5 1.00 7.53 12.04 
Lact./C 983 23.16 26.2 1.00 7.42 
Month/L 16790 40.89 46.3 1.00 
Deviated milk fat 
Herd 49 -.00173 0.0 1.00 7.32 12.46 378.41 
Cow/H 1557 .03454 21.8 1.00 7-53 12.04 
Lact./C 983 .03947 25.0 1.00 7.42 
Month/L 16790 .08413 53.2 1.00 
Deviated solids-not-fat 
Herd 49 -.00863 0.0 1.00 7.35 12.19 349.36 
Cow/H 1453 .18041 26.9 1.00 7-59 11-89 
Lact./C 844 .17517 26.2 1,00 7.70 
Month/L 15543 .31430 46.9 1.00 
Non-deviated milk 
Herd 71 14.15 13.1 1.00 7.25 11.88 282.11 
Cow/H 1582 23.06 21.4 1.00 7.83 12.67 
Lact./C 1040 24.73 23.0 1.00 7.69 
Month/L 18213 45.82 42.5 1.00 
Non-deviated milk fat 
Herd 71 .02315 12.8 1.00 7.25 11.88 282.11 
Cow/H 1582 .02999 16-5 1.00 7.83 12.67 
Lact./C 1040 .04365 24-1 1.00 7.69 
Month/L 18213 .08460 46.6 1.00 
Non-deviated solids-not-•fat 
Herd 70- .13846 16.2 1.00 7.04 11.17 248.06 
Cow/H 1453 .16558 19.4 1.00 7.61 11.93 
Lact./C 853 .20273 23.8 1.00 7.70 
Month/L 15750 .34617 40.6 1.00 
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Table 4. (Continued) 
Percent of Coefficients for 
Kreed Source d.f. Component total expected aean squares 
variance gS 2^ gS 
M L C H 
Milking Shorthorn 
Deviated milk 
Herd 22 -0.98 0.0 1.00 7.86 14.81 
COW/H 735 26.84 30.4 1.00 7.55 12.79 
Lact./C 534 21.38 24.2 1.00 7.52 
Month/L 8455 40.10 45.4 1.00 
Deviated milk fat 
Herd 22 -.00130 0.0 1.00 7.86 14.81 
Cow/rl 735 .03209 23.2 1.00 7.55 12.79 
Lact./C 534 .03256 23.5 1.00 7.52 
Month/L 8455 .07386 53.3 1.00 
Deviated solids-not-fat 
Herd 22 -.00757 0.0 1.00 7.82 14.34 
COW/H 675 .19350 28.0 1.00 7.77 13.06 
Lact./C 491 .16939 24.5 1.00 7.60 
Month/L 7963 .32903 47.5 1.00 
Non-deviated milk 
Herd 34 11.57 10.9 1.00 7.16 12.96 
Cow/H 759 25.53 23.9 1.00 7.86 13.40 
Lact./C 576 23.91 22.4 1.00 7.67 
Month/L 9263 45.66 42.8 1.00 
Non-deviated milk fat 
Herd 34 .01210 8.0 1.00 7.16 12.96 
Cow/H 759 .03017 19.8 1.00 7.86 13.40 
Lact./C 576 .03486 22.9 1.00 7.67 
Month/L 9263 .07498 49.3 1.00 
Non-deviated s olid s-not--fat 
Herd 33 .09686 11.4 1.00 7.14 12.41 
Cow/H 677 .19166 22.5 1.00 7.77 13.06 
Lact./C 498 .19243 22.6 1.00 7.57 
Month/L 8062 .37115 43.6 1.00 
415.29 
415.29 
338.88 
294.53 
294.53 
263.05 
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lactation may be measured as the intraclass correlation. This is the 
repeatability of predicting another month's production from any ran­
domly chosen month within the same lactation. The algebraic expression 
is 
M 
The repeatability of predicting another month's production from any 
randomly chosen "monthly production, but not within the same lactation is 
''m. î!ç 
This correlation would be expected to be less than r^  ^since the only 
effect common to the two observations would be that permanently asso­
ciated with that cow. The repeatability of using any random lactation 
total to predict another lactation total may be similarly expressed 
from these components. It is 
r, ° ° C , . 
* c + C'l 
The standard errors of the estimates of repeatability for the 
monthly observations were computed according to formulas similar to 
those of Dickerson (1960). With appropriate subscripts and correction 
of the misprint in Dickerson (1960), these formulas were as follows: 
E -i- 20 
C + L + M 
c 1 cl 
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E (â ) = 
C + L + M 
where 0^  = 2 
cc 
s 
^ 11 
a , = - kic 
cl 
(Msf c + (Msf 1 
"^ c "1 
(Msf ^ 
+ 
% 
-
2M^  
c^c \ % k 11 
where C, L, and M refer to the components of variance for cow, lacta­
tion, and month, respectively; MS refers to the mean square for each 
component as subscripted; n refers to the degrees of freedom associated 
with each class as subscripted; and the k's are the coefficients of the 
components within the expectations of the mean squares with the sub­
scripts identifying the coefficients. For instance, is the coef­
ficient for the lactation component within the expectation of the cow 
mean square. 
The estimates of the repeatabilities of randomly selected monthly 
production are given in Table 5. In all breeds, milk yield is most 
highly repeatable, regardless of criterion. Repeatability of milk fat 
is the lowest and that for SNF more closely resembles the repeatability 
of milk yield. The estimates for repeatability of lactation totals 
are in general agreement with values reported in the literature and 
compiled directly from lactation totals. Butcher (1965) using Hol-
stein data, found average estimates of 0.50 and 0.47 for the deviated 
lactation totals of milk and milk fat, respectively. 
I 
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Table 5. Estimates of repeatabilities for yields 
Breed Trait r® s.e. r ^  s.e. r ^ 
Mm L 
Holstein 
Milk .579 .004 .294 .004 .508 
Milk fat .501 .003 .23i .004 .461 
Solids-not-fat .565 .004 .274 .004 .486 
Brown Swiss 
Milk .599 .015 .307 .016 .513 
Milk fat .499 .013 .226 .014 .454 
Solids-not-fat .587 .015 .295 .016 .503 
Jersey 
Milk .600 .014 .303 .OA .506 
Milk fat .484 .012 .211 .014 .435 
Solids-not-fat .578 .014 .276 .016 .477 
Guernsey 
Milk .599 .016 .346 .017 .578 
Milk fat .511 .014 .270 .015 .528 
Solids-not-fat .588 .015 .320 .017 .544 
Ayrshire 
Milk .537 .018 .275 .019 .512 
Milk fat .468 .016 .218 .017 .467 
Solids-not-fat .531 .019 .269 .020 .507 
Milking Shorthorn 
Milk .546 .026 .304 .027 .557 
Milk fat .467 .023 .232 .024 .496 
.524 .026 .230 .028 .533 
R^epeatability of random months within lactations 
R^epeatability of random months across lactations 
R^epeatability of random lactations within cows 
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These repeatability estimates are not strictly valid. It is ob­
vious that one assumption is violated, viz., the assumption of equal 
variances for the months within lactations. From subsequent analyses, 
it is shown that the variance within months differs, depending upon which 
month of lactation is considered. The end months of the lactation are 
most variable and the intermediate months have the least variation. 
There was no attempt to equalize variances across months of lactation. 
Although they were not estimated, there may also be differences in 
variance associated with lactation number (or ag ). Multiplicative 
age corrections will remove a major portion of these differences, if the 
coefficients of variation for the different age groups are approximately 
equal. 
The unequal variances among months within lactations would affect 
only the repeatabilities of monthly production. Differences in var­
iances associated with lactation number would affect all repeatabili­
ties. The importance of the violation of this assumption will be dis­
cussed later in this section. 
A second assumption violated, although to a much smaller degree, 
involves equal means. There were relatively small differences asso­
ciated with ages. However, there was a consistent difference associated 
with the tenth month of lactation in all ages. Apparently, through 
selection of the data, the correction factors over-adjusted for the 
effect of the tenth month. This probably occurred because some data 
from the period up to January 1964 were inadvertently deleted. This 
occurred if a monthly report for the cow showed zero milk production. 
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i.e., the cow had gone dry prior to the supervisor's visiting the herd 
that month. The exclusion of these data is of consequence only when the 
cow had gone dry prior to having ten test-day reports. The effects of 
stage of lactation had been estimated from data in which credit was 
given for zero production when the report was missing and the total 
length of lactation indicated the cow had gone dry prior to that time. 
When similar credit was not given in the present study, it may have 
allowed an excess of lactations with non-zero production in the tenth 
month. The differences associated with age group and stage of lactation 
after adjusting the data for these effects are reflected in the subclass 
means in Table 6. Across age groups there is close agreement except 
that the two-year-olds and those greater than eight years old are not 
as high as the other age groups. Across months of lactation there is 
very good agreement until the rise in the late months with the means for 
the tenth month being farthest from agreement. Thie means in Table 6 
are not adjusted for month of year; month of year is ignored. Part of 
the differences noted among ages is due to different calving patterns 
associated with the different ages. The two-year-olds have a higher 
percentage of their lactations initiated in the fall months of the 
year. A larger than average proportion of all two-year-olds calve in 
that season and two-year-olds make up a larger than average proportion 
of all lactations begun then. Part of the increase in late lactation 
for all ages can be traced to the seasonal pattern of calving- l*his 
is reflected in the averages of herdmates shown in Figure 2. These 
herdmate averages were calculated by subtracting from the average 
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Table 6. Daily means adjusted for age at calving and stage of lactation 
Age Month of lactation 
1 2 3 4 5 6 7 8 9 10 
Holstein 
Milk 
2^ 45.22 45.38 45.24 45.64 45.59 45.68 45.85 46.64 47.36 50.16 
3 46.76 46.73 46.39 46.65 46.46 46.44 46.47 47.24 47.99 50.10 
4 47.07 47.03 46.53 46.69 46.49 46.46 46.35 46.79 47.71 49.42 
5 46.83 47.02 46.82 46.88 46.66 46.64 46.29 46.79 47.67 49.16 
6-8 46.93 47.23 47.01 46.86 46.81 47.14 47.02 47.42 48.01 49.12 
>9 44.80 44.67 45.09 45.32 45.25 44.90 45.54 46.21 46.64 49.07 
Ave. 46.28 46.38 46.13 46.34 46.22 46.27 46.28 46.92 47.68 49.78 
Milk fat 
2^ 1.64 1.64 1.64 1.66 1.64 1.64 1.64 1.65 1.68 1.79 
3 1.71 1.70 1.68 1.69 1.67 1.66 1.66 1.68 1.70 1.80 
4 1.71 1.71 1.68 1.68 1.67 1.66 1.65 1.67 1.70 1.77 
5 1.72 1.71 1.70 1.68 1.67 1.66 1.65 1.67 1.70 1.76 
6-8 1.74 1.73 1.71 1.69 1.68 1.69 1.68 1.69 1.72 1.76 
9^ 1.68 1.67 1.66 1.67 1.65 1.63 1.66 1.65 1.68 1.79 
Ave. 1.69 1.68 1.67 1.68 1.66 1.66 1.65 1.66 1.70 1.78 
Solids-not-fat 
2^ 3.92 3.95 3.93 3.96 3,97 3.97 3.97 4.04 4.09 4.33 
3 4.04 4.03 4.01 4.02 4.01 3.99 3.98 4.05 4.10 4.28 
4 4.02 4.03 3.99 3.99 3^98 3.97 3.95 3.99 4.05 4.19 
5 4.00 4.02 3.99 3.99 3.96 3.96 3.92 3.96 4.03 4.15 
6—8 3.98 4.01 3.99 3.97 3.97 3.99 3.98 4.01 4.04 4.13 
29 3.76 3.79 3.80 3.78 3.76 3.75 3.79 3.85 3.88 4.07 
Ave 3.98 3.99 3.97 3.98 3.97 3.97 3.95 4.02 4.07 4.25 
Brown Swiss 
Milk 
2^ 40. 18 39.64 39. 52 40. 05 39. 79 39 .81 39. 97 40. 46 41 .00 44. 11 
3 41. 11 41.31 40. 75 40. 33 40. 14 39 .95 40. 06 40. 34 41 .93 43. 85 
4 40. 04 40.46 39. 43 39. 24 39. 97 39 .57 40. 04 40. 43 41 .61 42. 39 
5 39. 46 39.31 39. 21 39. 91 39. 35 39 .68 40. 03 40. 23 41 .82 44. 12 
6-8 39. 94 40.37 39. 30 39. 64 38. 84 39 .24 38. 79 39. 56 39 .53 40. 87 
29 39. 11 39.52 37. 95 38. 73 38. 91 38 .45 38. 97 39. 17 39 .20 42. 01 
Ave. 40. 20 40.24 39. 63 39. 83 39. 65 39 .63 39. 77 40. 19 41 .07 43. 15 
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Table 6. (Continued) 
Month of lactation 
4 5 6 7 8 9 10 
Milk fat. 
1.63 1.63 1.61 1.63 1.62 1.61 1.60 1.62 1.63 1.78 
3 1.65 1.68 1.66 1.63 1.62 1.60 1.60 1.61 1.68 1.77 
4 1.63 1.64 1.61 1.59 1.60 1.59 1.60 1.61 1.66 1.72 
5 1.65 1.61 1.61 1.61 1.59 1.60 1.60 1.61 1.68 1.78 
5-8 1.65 1.66 1.59 1.61 1.59 1.59 1.56 1.58 1.58 1.64 
1.60 1.63 1.57 1-62 1.60 1.57 1.59 1.59 1.58 1.72 
Ave. 1.64 1.64 1.62 , 1.62 1.61 1.60 1.59 1.61 1.64 1.74 
Solids-not-fat 
2^ 3.69 3.65 3.63 3.67 3.65 3.65 3.66 3.70 3.74 4.00 
3 3.74 3.77 3.72 3.70 3.69 3.66 3.66 3.69 3.81 3.95 
4 3.61 3.62 3.58 3.56 3.60 3.57 3.61 3.65 3.76 3.79 
5 3.59 3.62 3.56 3.60 3.57 3.59 3.61 3.65 3.75 3.95 
6—8 3.65 3,66 3.55 3.60 3.51 3.54 3.51 3.55 3.56 3.63 
29 3.57 3.59 3.44 3.50 3.49 3.46 3.50 3.52 3.50 3.73 
Ave. 3.66 3.67 3.61 3.63 3.61 3.60 3.61 3.65 3.72 3.88 
Jersey 
Milk 
2^ 27 .57 27. 80 27 .90 27.93 27 .84 27. 60 28. 13 28 .08 28. 60 30. 64 
3 28 .58 28. 46 28 .26 28.78 28 .90 28. 58 28. 90 29 .03 29. 15 31. 03 
4 27 .79 28. 19 28 .16 27.81 28 .74 23. 31 28. 50 28 .28 28. 33 29. 88 
5 27 .72 27. 56 27 .50 28.23 28 .75 23. 75 28. 65 29 .03 28. 94 30. 89 
6-8 29 .29 29. 11 29 .28 29.26 28 .76 29. 13 28. 98 29 .22 28. 77 30. 55 
z9 29 .20 30. 85 27 .45 28.21 26 .37 24. 44 25. 18 27 .96 25. 00 24. 88 
Ave. 28 .13 28. 23 28 .17 28.33 28 .42 28. 22 28. 49 28 .57 28. 69 30. 55 
Milk fat 
2^ 1.42 1.43 1.44 1.44 1.43 1.42 1.44 1.45 1.48 1.59 
3 1.50 1.45 1.48 1.47 1.49 1.48 1.49 1.49 1.51 1.62 
4 1.45 1.46 1.44 1.44 1.47 1.46 1.45 1.44 1.46 1.54 
5 1.43 1.44 1.44 1.45 1.48 1.49 1.48 1.50 1.51 1.60 
6-8 1.52 1.51 1.50 1.50 1.48 1.51 1.49 1.50 1.48 1.57 
29 1.49 1.52 1.38 1.39 1.33 1.27 1.26 1.42 1.24 1.25 
Ave. 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.47 1.48 1.58 
Age 
12 3 
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Table 6. (Continued) 
Ao-e Month of lactation 
10 
Solids-not-fat 
2^ 2.67 2.71 2.71 2.71 2.70 2.69 2.1'} 2.74 2.78 2.94 
3 2.77 2.74 2.76 2.79 2.80 2.78 2.81 2.80 2.78 2.96 
4 2.69 2.71 2.72 2169 2.76 2.71 2.73 2.71 2.72 2.85 
5 2.70 2.69 2.68 2.74 2.76 2.78 2.79 2.80 2.79 2.96 
6-8 2.85 2.83 2.84 2.84 2.79 2.79 2.81 2.81 2.76 2.91 
k9 2.77 2.98 2.60 2.71 2.53 2.34 2.39 2.68 2.39 2.27 
Ave. 2.73 2.74 2.74 2.75 2.75 2.73 2.77 2.76 2.77 2.92 
Guernsey 
Milk 
Ê2 30.60 30 .52 30 .41 30 .63 30. 63 31 .03 31 .11 31. 83 31.70 34 .39 
3 31.03 31 .05 31 .29 31 .04 31. 30 32 .02 31 .90 32. 55 31.90 33 .79 
4 31.36 31 .47 31 .25 31 .62 31. 50 31 .30 31 .19 31. 62 31.30 31 .89 
5 31.51 31 .47 31 .36 31 .21 31. 04 31 .25 31 .43 30. 90 30.92 31 .62 
6-8 30.34 30 .55 30 .14 30 .19 30. 56 30 .31 30 .45 30. 10 30.01 30 .96 
29 30.15 28 .82 29 .83 29 .96 30. 07 30 .98 29 .15 28. 60 30.00 32 .86 
Ave. 30.89 30.83 30.82 30.89 30.96 31.25 31.25 31.62 31.39 33.14 
Milk fat 
2^ 1.45 1.45 1.44 1.46 1.44 1.46 1.45 1.48 1.47 1.62 
3 1.47 1.48 1.49 1.48 1.46 1.49 1.46 1.51 1.46 1.58 
4 1.50 1.47 1.47 1.49 1.45 1.45 1.42 1.44 1.42 1.46 
5 1.51 1.49 1.47 1.47 1.45 1.45 1.47 1.43 1.44 1.48 
6-8 1.46 1.47 1.44 1.42 1.44 1.42 1.43 1.42 1.38 1.47 
s9 1.40 1.33 1.38 1.46 1.45 1.46 1.39 1.34 1.42 1.57 
Ave. 1.47 1.47 1.46 1.47 1.45 1.46 1.45 1.47 1.45 1.55 
Solids-not-fat 
S2 2.84 2.87 2.83 2.85 2.86 2.91 2.90 2.95 2.93 3.18 
3 2.86 2.89 2.90 2.88 2.89 2.95 2.94 2.99 2.91 3.10 
4 2.87 2.90 2.89 2.92 2.89 2.86 2.87 2.88 2.85 2.89 
5 2.86 2.85 2.86 2.84 2.83 2.85 2.84 2.81 2.83 2.86 
6-8 2.74 2.77 2.72 2.73 2.74 2.74 2.73 2.71 2.69 2.77 
29 2.69 2.61 2.70 2.68 2.61 2.63 2.61 2.55 2.73 3.00 
Ave. 2.84 2.86 2.84 2.85 2.85 2.88 2.88 2.90 2.87 3.03 
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Table 6. (Continued) 
Age Month of lactation 
1 2 3 4 5 6 7 8 9 10 
Ayrshire 
Milk 
2^ 35.45 35.19 35.20 35.36 35.72 35.77 36.29 36.68 36.77 38.94 
3 36.44 36.43 36.68 36.98 36.64 36.94 36.70 36.16 35.47 36.52 
4 36.72 37.02 35.96 35.77 35.75 35.52 35.29 36.04 35.95 36.34 
5 35.23 36.19 36.70 36.17 35.88 35.79 36.03 35.52 35.10 36.62 
6-8 36.90 37.03 36.23 34.89 36.03 35.37 36.52 36.48 36.25 36.43 
9^ 39.77 35.72 38.20 33.98 37.15 36.43 37.75 36.48 39.66 35.88 
Ave. , 36.09 36.13 35.99 35.85 36.01 35.98 36.23 36.30 36.10 37.39 
Milk fat 
2^ 1.38 1.37 1.40 1.40 1.41 1.40 1.39 1.42 1.43 1.52 
3 1.43 1.43 1.41 1.44 1.41 1.41 1.38 1.37 1.35 1.41 
4 1.45 1.43 1.39 1.39 1.39 1.35 1.34 1.39 1.39 1.42 
5 1.38 1.44 1.45 1.41 1.38 1.40 1.40 1.37 1.37 1.41 
6-8 1.42 1.44 1.40 1.38 1.42 1.41 1.44 1.45 1.42 1.40 
9^ 1.51 1.41 1.49 1.41 1.44 1.45 1.60 1.41 1.58 1.41 
Ave. 1.41 1.41 1.40 1.41 1.40 1.40 1.39 1.40 1.40 1.45 
Solids-not-fat 
2^ 3.27 3.13 3.12 3.15 3.17 3.18 3.20 3.21 3.21 3.39 
3 3.18 3.20 3.22 3.23 3.18 3.21 3.19 3.13 3.01 3.11 
4 3.18 3.22 3.15 3.10 3.09 3.10 3.04 3.09 3.03 3.10 
5 3.06 3.16 3.17 3.11 3.12 3.11 3.17 3.06 2.92 3.06 
6-8 3.17 3.19 3.14 2.99 3.09 3.03 3.09 3.11 3.10 3.05 
9^ 3.54 3.09 3.42 2.87 3.13 3.21 3.52 3.21 3.33 3.05 
Ave. 3.20 3.17 3.15 3.14 3.15 3.15 3.16 3.15 3.09 3.20 
Milk 
2^ 33.76 34. 10 33. 68 34 .57 33. 83 34. 88 34 .49 34 .90 35. 09 37. 32 
3 34.74 34. 26 33. 84 33 .78 34. 27 34. 51 35 .99 35 .47 34. 73 35. 76 
4 34.74 34. 18 33. 92 32 .76 33. 63 33. 77 33 .73 34 .84 32. 19 34. 46 
5 33.98 33. 29 34. 33 34 .48 34. 31 33. 91 35 .88 35 .76 33. 34 35. 41 
6-8 34.41 33. 90 32. 61 34 .53 32, 89 34. 18 31 .45 32 .71 33. 08 32. 36 
29 28.58 31. 19 27. 71 29 .08 29. 75 30. 37 32 .19 33 .18 33. 60 34. 23 
Ave. 34.19 33,98 33.57 33.91 33.75 34.29 34.46 34.84 34.07 35.66 
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Table 6. (Continued) 
Age Month of lactation 
1 2 3 4 5 6 7 8 9 10 
Milk fat 
1.22 1.26 1.26 1.26 1.26 1.29 1.24 1.28 1.29 1.37 
3 1.24 1.23 1.23 1.22 1.27 1.26 1.29 1.27 1.25 1.30 
4 1.25 1.23 1.22 1.19 1.21 1.22 1.23 1.27 1.17 1.27 
5 1.32 1.21 1.27 1.21 1.23 1.22 1.28 1.27 1.19 1.28 
6-8 1.26 1.20 1.17 1.21 1.14 1.21 1.14 1.17 1.20 1.19 
9^ 0.97 1.18 0 .98 1.03 1.09 1.10 1.14 1.16 1.21 1.26 
Ave. 1.24 1.23 1.23 1.22 1.23 1.25 1.24 1.26 1.24 1.31 
Solids-not-fat 
2^ 3.03 3.05 3.02 3.09 3.01 3.12 3.05 3.12 3.12 3.29 
3 3.07 3.00 3.01 2.99 3.04 3.06 3.17 3.08 3.05 3.04 
4 3.03 2.99 3.02 2.89 2.97 2.97 2.92 3.01 2.77 2.90 
5 3.01 2.97 3.00 3.04 3.03 2.93 3.14 3.15 2.88 2.97 
6-8 3.02 3.01 2.81 2.92 2.79 2,88 2.64 2.74 2.76 1.69 
9^ 2.55 2.70 2.39 2.48 2.53 2.74 2.76 2.84 2.82 2.92 
Ave. 3.02 3.01 2.98 2.99 2.97 3.02 3.01 3.05 2.97 2.97 
monthly production, the mean deviations from herdmates. 
In ascertaining the extent to which failure to meet the assump­
tions involved in intraclass correlations vitiates their results, But­
cher (1965) found there was little practical difference. His study-
showed the effects on parameter estimates caused by selection. When 
data were restricted to selected records and subsequent records of those 
cows which survived the selection, the intraclass correlation estimates 
of repeatability were -the lowest. Using all data available gave slightly 
higher estimates. The regression of subsequent records on previous 
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Figure 2. Changes in production as related to changes in herdmate averages and to changes in 
deviations from herdmate averages for Holstein data (Clear area is herdmate average and 
shaded area is deviation from herdmates) 
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ones gave the highest estimates. The differences among the three esti­
mates were small. For the purposes of the present study, it was felt 
that all records should be used for the intraclass correlation esti­
mate. One would expect culled cows were probably inferior in producing 
ability to those which were allowed to complete several records. Hhe 
inclusion of all non-terminal lactations would tend to equalize the 
variation among cows across lactations. 
The repeatabilities of monthly production reported in this section 
indicate average correlations among months. Despite any lack of vali­
dity, they are practical estimates, useful in describing the average 
phenotypic relationship among all months. There is no need to transform 
the data to equalize the variances. If prediction of production in a 
specific month is made from production in another month within the same 
lactation or in the same month of another lactation, the success should 
be evaluated from the specific correlations reported in a subsequent 
portion of this thesis. The repeatabilities of monthly production with­
in lactations underestimates the correlations among adjacent or nearly-
adjacent months, but they overestimate those for months which are fur­
ther removed from one another. The repeatability closely approximates 
the mean of all phenotypic correlations among months of the same lac­
tations. The repeatabilities of random months across lactations under­
estimate most of the repeatabilities of the same months across lactations. 
This is expected because the repeatabilities of random months also re­
flect the repeatabilities of predicting production in other months of 
other lactations. The latter repeatabilities would be expccted to be 
lower than those for the same month across lactations. 
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Analyses of percentages 
Although they are not a major concern of this present study, per­
centages of milk fat and SNF were analyzed, separating the variance 
associated with herd differences, cow differences within herds, lacta­
tion or age differences within cows, and monthly differences within 
lactations. The percentages were not adjusted for stage of lactation 
or age of the cow at freshening. The data were the actual milk fat 
test reported by the DHIA supervisor and the actual SNF percentage cal­
culated from the number of Golding beads reported as sinking and from 
the milk fat test. The pertinent details of the analyses are shown 
in Table 7a. 
Differences between herds and between lactations within cows account 
for twice the percentage of the total variance for SNF test as for milk 
fat test. Of course, the differences between lactations include those 
associated with aging. This is in agreement with the report by Spike 
(1966) in which the effects due to age were more important for SNF 
percentage than for milk fat percentage. 
The differences between the coefficients for the expected mean squares 
for the percentage traits and those for the non-deviated yield traits in 
Table 4 reflect the absence of subsequent percentage observations after 
a cow had gone dry. In the yield traits, the actual yield was adjusted 
for stage of lactation prior to analysis. Therefore, although a cow had 
a report of zero production her adjusted production was non-zero. The 
differences between the coefficients for milk fat percentage and SNF 
percentage are due to herds discontinuing SNF testing, but the milk 
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Table 7a. Components of variance for actual percentage composition of 
daily yields 
Percent of Coefficients for 
Breed Source d.f. Component total expected mean squares 
variance 
Holstein 
Milk fat percentage 
Herd 938 .02044 7.1 1.00 
Cow/H 39784 .06586 22.8 1.00 
Lact./C 24795 .01344 4.6 1.00 
Month/L 428435 .18973 65.5 1.00 
7.55 
7.61 
7.43 
13.13 
12.11 
525.60 
Solids-not-fat percentage 
Herd 907 .04591 19.3 1.00 7.61 
Cow/H 37379 .04453 18.7 1.00 7.63 
Lact./C 22367 .02348 9.9 1.00 7.47 
Month/L 398408 .12395 52.1 1.00 
12.86 
11.97 
505.11 
Brown Swiss 
Milk fat percentage 
Herd 133 .02362 7.1 1.00 
Cow/H 2804 .06225 18.7 1.00 
Lact./C 2020 .01799 5.4 1.00 
Month/L 33278 .22945 68.8 1.00 
8.00  
7.81 
7.55 
14.10 
12.96 
283.02 
Solids-not-fat percentage 
Herd 129 .05242 22.4 1.00 7.88 
Cow/H 2577 .03414 14.6 1.00 7.75 
Lact./C 1762 .02580 11.0 1.00 7.48 
Month/L 29704 .12221 52.1 1.00 
13.42 
12.58 
260.43 
Jersey 
Milk fat percentage 
Herd 106 .08207 11.4 1.00 
Cow/H 3010 .15705 21.9 1.00 
Lact./C 1796 .03098 4.3 1.00 
Month/L 29640 .44722 62.4 1.00 
7.21 
7.17 
6 . 8 0  
11.65 
11.06 
316.86 
Solids-not-fat percentage 
Herd 105 .08218 25.5 1.00 7.09 
Cow/H 2867 .03451 10.7 1.00 7.07 
Lact./C 1553 .03183 9.9 1.00 6.84 
Month/L 27113 .17411 54.0 1.00 
11.12 
10.62 
292.23 
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Table 7a. (Continued) 
Percent of Coefficients for 
Breed Source d.f. Component total expected mean squares 
variance 
""m ""i 
Guernsey 
Milk fat percentage 
Herd 170 .07168 12.7 1.00 
Cow/H 2702 .12274 21.7 1.00 
Lact./C 1513 .02171 3.8 1.00 
Month/L 27440 .34910 61.8 1.00 
7.40 
7.31 
7.14 
12.02 
11.02 
184.06 
Solids-not-fat percentage 
Herd 167 .05224 19.9 1.00 7.42 
Cow/H 2599 .04329 16.5 1.00 7.29 
Lact./C 1366 .02851 10.9 1.00 7.09 
Month/L 25743 .13835 52.7 1.00 
11.86 
10.73 
175.88 
Ayrshire 
Milk fat percentage 
Herd 71 .03709 10.4 1.00 
Cow/H 1582 .06125 17.1 1.00 
Lact./C 1040 .01566 4.4 1.00 
Month/L 17430 .24352 68.1 1.00 
Milking Shorthorn 
Milk fat percentage 
Herd 34 .03142 11.0 1.00 
Cow/H 759 .03524 12.4 1.00 
Lact./C 576 .01360 4.8 1.00 
Month/L 8759 .20451 71.8 1.00 
7.01 
7.57 
7.35 
Solids-not-fat percentage 
Herd 70 .03442 15.8 1.00 6.81 
Cow/H 1442 .03943 18.1 1.00 7.39 
Lact./C 832 .02648 12.1 1.00 7.45 
Month/L 14999 .11770 54.0 1.00 
6 . 8 8  
7.51 
7.27 
11.41 
12.20 
10.69 
11.50 
12.41 
12.77 
271.49 
237.27 
280.58 
Solids-not-fat percentage 
Herd 33 .08452 27.1 1.00 6.91 
Cow/H 659 .05752 18.4 1.00 7.59 
Lact./C 494 .03034 9.7 1,00 7.15 
Month/L 7580 .14005 44.8 1.00 
11.87 
12.68 
248.61 
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fat test being available for an additional short period of time. This 
was due to the lag time in keeping the roster of SNF herds current. 
Herds which discontinued SNF testing were not immediately excluded 
from this volume of data. 
Repeatabilities of percentages 
Repeatabilities within herds were calculated similarly to those 
for yields, as intraclass correlations from the components in Table 7a. 
These repeatabilities are shown in Table 7b. The repeatabilities of 
monthly production would be expected to be low because the data were 
not corrected for season of year or month of lactation. This addi­
tional variation inflates the differences among months within lacta­
tions. The repeatabilities of milk fat percentage for total lactations 
should not be affected too much. The age differences accounted for a 
small percentage of the total variance in Spike (1966). The repeat-
abilities for milk fat do not appear too different from others reported 
in the literature. They are slightly higher. The repeatabilities of 
SNF percentage on a lactation basis are somewhat less than those for 
milk fat. Part of this difference is due to the greater portion of the 
total variance associated with age in SNF percentage. 
Between Sire Analyses - All Data 
The model used to describe the deviated observations in the study 
of heritabilities and genetic correlations within stage of lactation is 
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Table 7b. Estimates of repeatabilities for percentages 
Breed Trait r,^ r ^ r^ c 
M m L 
Hoistein Milk fat 
Solids-not-fat 
.295 
.354 
.245 
.232 
.831 
.655 
Brown Swiss Milk fat 
Solids-not-fat 
.259 
.329 
.201 
.187 
.776 
.570 
Jersey Milk fat 
Solids-not-fat 
.296 
.276 
.247 
.144 
.835 
.520 
Guernsey Milk fat 
Solids-not-fat 
.293 
.342 
.249 
.206 
.850 
.603 
Ayrshire Milk fat 
Solids-not-fat 
.240 
.359 
.191 
.215 
.796 
.598 
Milking Shorthorn Milk fat 
Solids-not-fat 
.193 
.386 
.139 
.252 
.722 
.655 
R^epeatability of random months within lactations 
R^epeatability of random months across lactations 
R^epeatability of random lactations within cows 
i^jkn = + Sj_j + c^ jk + lijkn 
where is the deviation of an observation from its herdmate aver­
age for the n^  ^lactation of the daughter from the sire within 
the i^  ^stage of lactation group; ^  is an effect common to all such 
deviations; m^  ^is any effect associated with the i^  ^stage (month) of 
lactation; is the effect common to the sire; l^ j^  ^is the effect 
related to the n^  ^lactation of the daughter. All effects except U , 
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were considered random with zero means and appropriate variances. All 
daughters of a sire were assumed to be from different dams. The proper 
tion of full sibs in such data is small; in the Ayrshire data it was le 
than five percent of the total number of cows. If the dam component 
was estimated, the component for cows within dams would be estimated 
with little precision. Bereskin (1963) found only small effects on es­
timates of heritability when multiple records of individual cows were 
ignored and were assumed to be from different cows. The assumption of 
different dams for each daughter of a sire would seem an even less 
serious digression from the actual situation. 
Heritabilities of monthly yields 
• 1 
The components of variance and other pertinent parts of the analy­
ses of variance are presented in Table 8. The resulting estimates of 
heritability and repeatability are given in Table 9. The estimates of 
heritability for the monthly observation were calculated as: 
cfg + + cf], 
where Gg ,^ c > aiid refer to the components of variance for sires, 
cows within sires, and lactations within cows, respectively. An es­
timate of the repeatability of production in some random lactation but 
within the same stage of lactation is given by the intraclass corre-
0"^ "t-lation; S C The standard errors shown in Table 9 were 
a^ s + 
calculated as described in a previous section. 
The size of the estimates of heritability in Table 9 agrees with 
Table 8. Components of variance for yields on single test days 
Source d.f. Milk Milk Eat Solids-not-fat Coefficients for E.M.S. 
, CJ^  
Comp.G Corap. % Gomp. % L C S M 
Holstein 
First month 
Sire 1709 5.77 4.5 .01304 4.6 .03892 4.1 1.00 1.83 22.52 
Cow/S 21908 31.61 24.5 .05905 20.8 .21790 23.0 1.00 1.62 
Lactation/C 14981 • 91.61 71.0 .21120 74.6 .68885 72.8 1.00 
Second month 
Sire 1613 5.21 4.4 .00736 3.8 .03325 4.0 1.00 1.78 21.75 
Cows/S 20553 36.68 31.0 .04277 22.2 .23373 28.0 1.00 1.57 
Lactation/C 13020 76.39 64.6 .14213 73.9 .56700 68.0 1.00 
Third month 
Sire 1618 4.18 4.0 .00475 3.2 .02590 3.5 1.00 1.77 21.29 
Cow/S 20228 36.51 34.9 .03743 25.2 .23973 32.4 1.00 1.57 
Lactation/C 12713 64.01 61.1 .10652 71.6 .47449 64.1 1.00 
Fourth month 
Sire 1557 3.45 3.6 .00416 3.2 .02179 3.2 1.00 1.73 20.66 
Cow/S 19295 35.43 36.9 .03695 28.4 .23336 34.2 1.00 1.54 
Lactation/C 11615 57.15 59.5 .08898 68.4 .42790 62.6 1.00 
Fifth month 
Sire 1536 3.62 4.0 .00430 3.5 .02380 3.6 1.00 1.71 20.33 
Cow/S 19747 34.46 38.1 .03749 30.9 .23237 35.6 1.00 1.53 
Lactation/C 11042 52.29 57.9 , .07965 65.6 .39569 60.7 1.00 
Sixth month 
Sire 1485 3.64 4.0 .00495 4.0 .02404 3.6 1.00 1.69 19.77 
Cow/S 17813 35.73 39.2 .04171 34.0 .24821 37.4 1.00 1.51 
Lactation/C 10154 51.85 56.8 .07595 62.0 .39142 59.0 1.00 
C^omponent expressed on a daily weight basis in pounds 
P^ercent of total variance 
Table 8. (Continued) 
Source d.f. Milk 
Corap. % 
Milk fat Solids-not-fat 
Comp. % Comp. % 
Coefficients for E.M.S. 
o; a 
M 
Seventh month 
Sire 1447 3.65 3.9 .00520 4.1 .02552 3.8 1.00 1.67 19, .45 
Cow/ S 17310 34.47 37.1 ,04014 32.0 .24090 35.4 1.00 1.49 
Lactation/C 9482 54.85 59.0 .08025 63,9 .41493 60.9 1.00 
Eighth month 
Sire 1398 4.75 4.5 .00662 4.7 .0343U 4.5 1.00 1.64 18 .72 
Cow/S 16356 35.30 33.6 .04186 29.5 .25018 32.6 1,00 1.47 
Lactation/C 8501 65.11 61.9 .09329 65.8 .48403 63.0 1.00 
Ninth month 
Sire 1367 7.56 5.2 .00980 5.0 .05130 4.8 1.00 1.59 18 .06 
Cow/S 15783 38.38 26.4 .04704 23.8 .27053 25.6 1,00 1,43 
Lactation/C 7628 99.57 68.4 .14102 71,3 .73624 69.6 1,00 
Tenth month 
Sire 1284 12.22 5.2 .01611 4.9 .08565 5.0 1.00 1.53 16 .96 
Cow/S 14355 47.68 20.3 .06140 18.5 .32619 18.8 1.00 1.39 
Lactation/C 6215 175.29 74.5 .25382 76.6 1,32695 76.3 1.00 
Pooled 
Month 9 0.67 0.6 .00129 0.7 ,00592 0.7 1.00 1.86 97 . 66 
Sire/M 15024 5.20 4.4 .00747 4.2 ,03496 4.1 1.00 1.70 20 .08 
Cow/S 182348 37.45 31.7 .04468 24.9 .25510 29.8 1.00 1.52 
Lactatlon/C 105352 74.71 63.3 .12587 70.2 .55966 65.4 1.00 
Brown Swiss 
First month 
Sire 
Cow / S 
Lactation/C 
208 6.12 5.2 .01744 6.2 
1762 32.53 27.6 .05415 19.3 
1366 79.34 67.2 .20920 74.5 
.05665 5.8 
.26327 27.0 
.65493 67.2 
1.00 1.87 15.74 
1.00 1.67 
1.00 
Table 8. (Continued) 
Source d,f. Milk Milk fat Solids-not -fat Coefficients for E.M.S. 
Comp. 7o Comp. % Comp. % of 
1 
«r
fw
 j i 
"1 
Second month 
Sire 196 5.49 5.0 .00604 2.9 .03727 4.4 1.00 1.79 14.90 
Cow/S 1642 37.12 34.2 .05596 26.5 .27766 32.8 1.00 1.60 
Lactation/G 1137 66.08 60.8 .14891 70.6 .53154 62.8 1.00 
Third month 
Sire 199 3.12 3.2 .00275 1.6 .02060 2.6 1.00 1.77 14.64 
Cow/S 1627 36.91 38.1 .04597 26.6 .29223 37.6 1.00 1.61 
Lactation/C 1142 56.77 58.6 .12427 71.8 .46335 59.7 1.00 
Fourth month 
Sire 198 2.67 2.9 .00108 0.7 .01752 2.3 1.00 1.72 13.65 
Cow/S 1533 36.76 39.4 .05012 32.2 .30214 39.3 1.00 1.57 
Lactation/C 1014 53.96 57.8 .10454 67.1 .44962 58.4 1.00 
Fifth month 
Sire 190 1.89 2.1 .00152 1.1 .01372 1.9 1.00 1.74 13.81 
Cow/S 1495 38.58 43.1 .04892 32.6 .30436 41.4 1.00 1.57 
Lactation/C 989 49.04 54.8 .09947 66.3 .41782 56.8 1.00 
Sixth month 
Sire 190 3.67 4.1 .00385 2.5 .03133 4.2 1.00 1.68 13.05 
Cow/S 1444 35.97 40.5 .05410 35.6 .28981 39.0 1.00 1.53 
Lactation/C 890 49.23 55.4 .09408 61.9 .42201 56.8 1.00 
Seventh month 
Sire 185 3.93 4.4 .00652 4.2 .02762 3.7 1.00 1.67 12.99 
Cow/S 1406 36.09 40.0 .05197 33.4 .29317 38.9 1.00 1.52 
Lactation/C 857 50.26 55.7 .09708 62.4 .43217 57.4 1.00 
Table 8. (Continued) 
Source d.f. Milk Milk 
Comp. 7o Comp. 
Eighth month 
Sire 180 4.22 4.2 .00765 
Cow/g 1313 41.67 41.2 .05755 
Lactation/C 787 55.16 54.6 .10883 
Ninth month 
Sire 174 7.86 6.2 .01334 
Cow/S 1292 42.36 33.1 .06315 
Lactation/G 720 77.68 60.7 .14572 
Tenth month 
Sire 164 10.48 5.5 .01766 
Cow/3 1162 44.30 23.1 .07649 
Lactation/C 594 136.66 71.4 .25228 
Pooled 
Month 9 .58 0.5 .00145 
Sire/M 1884 4.80 4.4 .00761 
Cow/S 14681 38.35 35.2 .05484 
Lactation/G 9496 65.18 59.8 .13782 
irsey 
First month 
Sire 223 3.20 5.3 .01077 
Cow/3 1774 19.40 32.1 .04495 
Lactation/G 1163 37.82 62.6 .14936 
Second month 
Sire 208 3.20 5.7 .00386 
Cow/S 1643 16.58 29.4 .03184 
Lactation/C 990 36.61 64.9 .12791 
Solids-not -fat Coefficients for E, ,M.S. 
7o Comp. % "'s 0%, 
4.4 
33.1 
62.5 
.03169 
.34314 
.47030 
3.8 
40,6 
55.6 
1.00 
1.00 
1.00 
1.65 
1.51 
12.44 
6.0 
28.4 
65.6 
.05827 
.34577 
.65490 
5.5 
32.6 
61.8 
1.00 
1.00 
1.00 
1.64 
1.47 
12.32 
5.1 
22.1 
72.8 
.08172 
,35759 
1.13914 
5.2 
22.6 
72.2 
1.00 
1.00 
1.00 
1.56 
1.43 
11.47 
0.7 
3.8 
27.2 
68.3 
.00565 
.03678 
.30792 
.54355 
0.6 
4.1 
34.4 
60.8 
1.00 
1.00 
1,00 
1.00 
1.91 
1.71 
1.55 
48.86 
13.58 
2600.24 
5.2 .02946 5.4 
21.9 .15961 29.1 
72.8 .35966 65.5 
2.4 .02361 4.8 
19.5 .12446 25.1 
78.2 .34694 70.1 
1.00 1.71 14,02 
1.00 1.57 
1.00 
1.00 1.68 13.51 
1.00 1.52 
1.00 
Table 8. (Continued) 
Source d.f. Milk Milk fat Solids-not-fat Coefficients for E.M.S. 
at G t. a® 
Comp. 7o Comp. % Comp. % L G S M 
Third month 
Sire 205 1.01 2.0 .00159 1.2 .00868 2.0 1.00 1.62 12. 72 
Cow/S 1559 17.58 35.3 .03312 24.4 ,14008 31.8 1.00 1.48 
Lactation/C 872 31.20 62.7 .10102 74.4 .29107 66,2 1.00 
Fourth month 
Sire 194 1.95 4.4 .00169 1.5 .01287 3.3 1.00 1.63 12. 56 
Cow/S 1472 15.89 36.3 .03478 30.4 .13110 33.2 1.00 1.46 
Lactation/C 797 25.98 59.3 .07787 68.1 .25076 63.5 1.00 
Fifth month 
Sire 185 2.18 5.0 .00240 2.0 ,01632 4.1 1.00 1.60 12. 26 
Gov//S 1407 17.31 40.0 .03682 31.3 .14260 36.2 1.00 1.43 
Lactation/C 712 23.74 54.9 .07844 66.7 .23481 59.6 1.00 
Sixth month 
Sire 170 2.32 5.8 .00447 4.0 .01891 5.0 1.00 1.59 12. 35 
Cow/S 1313 15.84 39.3 .03753 33.8 ,13906 37.0 1.00 1.41 
Lactation/C 640 22.20 55.0 .06921 62.2 .21743 57.9 1.00 
Seventh month 
Sire 167 1.82 4.2 .00659 5.3 ,01952 4.8 1.00 1.56 11. ,68 
Cow/S 1234 20.04 46.4 .04451 35.7 .17272 42.9 1.00 1.39 
Lactation/C 572 21.30 49.4 .07369 59.0 .21046 52.3 1.00 
Eighth month 
Sire 156 1.72 3.7 .00574 4.2 .01650 3.8 1.00 1.53 11, ,87 
Cow/S 1186 20.52 44.1 .04965 36.7 .17576 40,9 1.00 1.38 
Lactation/C 531 24.32 52.2 .08000 59.1 .23792 55.3 1.00 
Table 8. (Continued) 
Source d.f. Milk Milk 
Comp. % Comp. 
Ninth month 
Sire 158 2.60 4.5 .00921 
Cow/S 1117 22.75 39.3 .06379 
Lactation/C 468 32,60 56.3 .10272 
Tenth month 
Sire 146 7.84 8.3 .02687 
Cow/S 997 19.41 20.4 .05513 
Lactation/C 394 67.71 71.3 .21868 
Pooled 
Month 9 .22 0.4 .00058 
Sire/M 1813 2.67 5.0 .00667 
Cow/S 13702 18.38 34.7 .04126 
Lactation/C 7139 31.69 59.8 .10779 
jternsev 
First month 
Sire 209 4.29 6.2 .00838 
Cow/S 1432 21.96 31.8 .04648 
Lactation/C 867 42.73 62.0 .13901 
Second month 
Sire 193 3.95 5.8 .00638 
Cow/S 1262 27.03 39.6 .04950 
Lactation/C 712 37.19 54.6 .10436 
Third month 
Sire 189 3.51 6.2 .00486 
Cow/S 1246 22.97 40.5 .03927 
Lactation/C 704 30.24 53.3 .07803 
Coefficients for E.M.S. 
Comp. % M 
5.2 
36.3 
58.5 
.02255 
.19894 
.32506 
4.1 
36.4 
59.5 
1.00 
1.00 
1.00 
1.48 
1.35 
10. ,90 
8.9 
18.3 
72.7 
.05369 
.17915 
.67383 
5.9 
19.8 
74.3 
1.00 
1.00 
1.00 
1.48 
1.32 
10, .41 
0.4 
4.3 
26.4 
69.0 
.00262 
.02161 
.15434 
.30622 
0.5 
4.5 
31.8 
63.2 
1.00 
1.00 
1.00 
1.00 
1.76 
1.60 
1.44 
25 
12, 
.76 
.36 
4.3 
24.0 
71.7 
.03542 
.16303 
.38172 
6.1 
28.1 
65.8 
1.00 
1.00 
1.00 
1.71 
1.50 
11 .91 
4.0 
30.9 
65.1 
.03184 
.20533 
.31154 
5.8 
37.4 
56.8 
1.00 
1.00 
1.00 
1.66 
1.46 
11 .14 
4.0 
32.1 
63.9 
.02547 
.18088 
.25077 
5.6 
39.6 
54.9 
1.00 
1.00 
1.00 
1.66 
1.46 
11 .22 
Table 8. (Continued) 
Source d.f. Milk Milk fat Solids-not' 
Comp. 
-fat 
% 
Coefficients for E.M.S. 
Comp. 7o Comp. 7o "I 
Fourth month 
Sire 179 2.19 4.1 .00164 1.4 .01468 3.4 1.00 1.64 10.91 
Cow/3 1152 23.80 45.0 .04131 36.5 .19014 43.4 1.00 1.45 
Lactation/C 639 26.96 50.9 .07035 62.1 .23374 53.3 1.00 
Fifth month 
Sire 175 1.95 3.6 .00205 1.9 .01197 2.7 1.00 1.64 10.89 
Cow/S 1117 23.60 44.2 .03407 30.9 .18252 40.6 1.00 1.46 
Lactation/C 631 27.90 52.2 .07401 67.2 .23501 56.7 1.00 
Sixth month 
Sire 167 2.80 5.6 .00243 2.2 .01843 4.4 1.00 1.58 10.28 
Cow/S 1034 24.11 48.3 .04361 39.9 .18735 44.3 1.00 1.42 
Lactation/C 532 22.98 46.1 .06329 57.9 .21722 51.4 1.00 
Seventh month 
Sire 164 2.75 5.4 .00375 3.1 .02271 5.1 1.00 1.57 10.33 
Cow/S 1030 22.12 43.4 .04077 33.8 .18090 40.6 1.00 1.41 
Lactation/C 516 26.12 51.2 .07591 63.0 .24248 54.4 1.00 
Eighth month 
Sire 157 2.13 3.8 .00433 3.3 .01635 3.4 1.00 1.54 9.73 
Cow/3 938 23.00 41.4 .04937 37.3 .19687 41.0 1.00 1.39 
Lactation/C 447 30.44 54.8 .07872 59.4 .26688 55.6 1.00 
Ninth month 
Sire 149 4.12 5.8 .01039 5.9 .03328 5.4 1.00 1.54 9.77 
Cow/S 898 22.80 32.0 .04385 25.0 .18212 29.6 1.00 1.38 
Lactation/C 424 44,38 62.2 .12143 69.1 .40058 65.0 1.00 
Table 8. (Continued) 
Source 
Tenth month 
Sire 
Cow/S 
Lactation/C 
Pooled 
Month 
Sire/M 
Cow/S 
Lactation/G 
Ayrshire 
First month 
Sire 
Cow/S 
Lactation/C 
Second month 
Sire 
Cow/3 
Lactation/G 
Third mouth 
Sire 
Cow/S 
Lactation/C 
Fourth month 
Sire 
Covj/S 
Lactation/C 
Milk 
Comp. % 
9.05 7.7 
17.63 14.9 
91.44 77.4 
.22 0.3 
3.58 5.6 
23.46 37.0 
36.12 57.0 
4.77 4.8 
26.08 26.4 
67.78 68.7 
2.45 2.9 
29.33 34.6 
53.09 62.6 
. 6 0  0 . 8  
32.37 40.6 
46.86 58.7 
.59 0.8 
25.46 35.7 
45.26 63.5 
d.f. 
140 
785 
359 
9 
1722 
10894 
5831 
106 
1081 
735 
104 
1036 
657 
104 
985 
635 
102 
932 
599 
Milk fat Solids-not-fat Gçefficients for E.M.S. 
(7^  
Coiap. 7o Comp. % L C S M 
.01563 5.5 .07352 7.2 1.00 1.51 9. 07 
.04617 15,3 .14757 14,6 1.00 1.37 
.23949 79,2 .79280 78.2 1.00 
.00077 0,5 .00212 0.4 1.00 1.79 17. 29 
.00585 3.9 .02761 5.2 1.00 1.61 10. 62 
.04398 29.1 .18537 34.8 1.00 1.44 
.10065 66.6 .31796 59.6 1.00 
.01223 5.7 .03454 4.7 1.00 
.04551 21.2 ,18128 24.8 1.00 
.15718 73.1 ,51364 70,4 1,00 
1,85 17.70 
1.60  
.00454 
.03639 
.12110 
2 .8  
22.5 
74.7 
.01991 
.19465 
.40863 
3.2 
31.2 
65.6 
1.00 
1.00 
1 .00  
1.82 16.87 
1.55 
.00156 1.1 
.04354 31.1 
.09509 67.8 
.00694 1.2 
.22894 38.3 
.36119 60.5 
1.00 1.78 
1.00 1.56 
1.00 
16.18 
.00104 0.9 .00651 1.2 1.00 1.74 15.62 
.03531 30.6 .19298 35.4 1.00 1.56 
.07924 68.6 .34579 63.4 1.00 
Table 8. (Continued) 
Source d.f. Milk 
% 
Milk fat Solids-not -fat Coefficients for I 
Comp. Comp. % Comp. % 
CD 
O
 
o
 4 
Fifth month 
Sire 101 -.20 0.0 .00060 0.6 .00053 0.1 1.00 1.69 14.87 
Cow/S 898 23.87 35.1 .03366 31.2 .18276 34.8 1.00 1.52 
Lactation/C 540 44.05 64.9 .07372 68.3 .34108 65.0 1.00 
Sixth month 
Sire 100 -1.02 0.0 -.00157 0.0 -.00491 0.0 1.00 1.66 14.18 
Cow/3 864 27.01 33.6 .04132 36.8 .20914 38.7 1.00 1.49 
Lactation/C 489 42.88 61.4 .07171 63.2 .33117 61.3 1.00 
Seventh month 
Sire 98 1.99 2.4 .00435 3.0 .01494 2.3 1.00 1.59 13.41 
Cow/S 820 20.66 24.9 .02642 18.4 . 15440 24.0 1.00 1.45 
Lactation/C 428 60.46 72.8 .11311 78.6 .47418 73.7 1.00 
Eighth month 
Sire 94 3.51 3.9 .00549 3.6 .02137 3.1 1.00 1.59 13.03 
Gov//S 766 28.50 31.5 .03677 24.1 .20823 30.2 1.00 1.44 
Lactation/C 395 58.35 64.6 .11020 72.3 .45925 66.7 1.00 
Ninth month 
Sire 93 4.41 3.6 .00856 4.2 .02387 2.7 1.00 1.57 12.29 
Cow/S 720 38.25 31.5 .05310 26.3 .25133 28.7 1.00 1.42 
Lactation/C 353 78.84 64.9 .14005 69.4 .59935 68.5 1.00 
Tenth month 
Sire 88 7.57 4.9 .02140 7.9 .03994 3.6 1.00 1.56 12.05 
Cow/S 678 39.40 25.7 .06883 25.5 .25761 23.2 1.00 1.40 
Lactation/C 322 106.56 69.4 .13011 66.6 .81398 73.2 1.00 
I 
Table 8. (Continued) 
Source d.£. Milk Milk fa 
Gowp. 7o Coinp. 
Pooled 
Month 9 .23 0.3 .00040 
Sire/M 990 2.36 2.6 .00546 
Cow/3 8780 29.33 32.7 .04187 
Lactation/C 5158 57.73 6.4.4 .11204 
Milking SUor thorn 
First month 
Sire 78 11.19 11.7 .01905 
o
 
o
 419 23.98 25.0 .03288 
Lactation/C 367 60.55 63.3 .15289 
Second month 
Sire 72 4.80 5.5 .00199 
Cow/S 399 36.57 41.7 .04827 
Laotation/C 319 45.38 52.8 .08837 
Third month 
Sire 73 5.63 7.4 .00778 
Cow/S 385 28.42 37.4 .02712 
Lactation/C 307 42.05 55.2 .08233 
Fourth month 
Sire 69 4.73 7.2 .00218 
Cow/S 362 23.72 36.0 .02770 
Lactation/C 291 37.38 56.8 .06636 
Fifth month 
Sire 67 1.96 2.9 .00162 
Cow/S 343 24.51 35.7 .02850 
Lactation/C 271 42.21 61.4 .06930 
Solids-not-fat Coefficients for E.M.S. 
Coinp. 7o 'M 
0.2 .00344 
3.4 ,01636 
26.2 .20901 
70.1 .44390 
9.3 .07689 
16.1 .13278 
74.6 .49241 
1.4 .03583 
34.8 .24640 
63.8 .36926 
6.6 .04654 
23.1 .20027 
70.2 .33651 
2.3 .03113 
28.8 .18144 
69.0 .31263 
1.6 .01322 
28.7 .18130 
69.7 .35064 
0.5 1.00 1.87 
2.4 1.00 1.69 
31.1 1.00 1.51 
66 .0  1 .00  
10.2 1.00 1.89 
24.3 1.00 1.71 
65.5 1.00 
5.5 1.00 1.82 
37.8 1.00 1.65 
56.7 1.00 
8.0 1.00 1.77 
34.3 1.00 1.65 
57.7 1.00 
5.9 1.00 1.80 
34.6 1.00 1.65 
59.5 1.00 
2.4 1.00 1.79 
33.3 1.00 1.63 
64.3 1.00 
36.55 1488.60 
14.72 
10.84 
Ln 
Ln 
10.73 
10.25 
10.22 
9.92 
Table 8. (Continued) 
Source d.f. Milk Milk fat Solids-not-fat Coefficients for E.M.S. 
Comp. % Comp. % Comp. % C^ S^ M^ 
Sixth month 
Sire 64 .78 1.2 .00064 0.6 .00546 1.1 1.00 1.74 9.43 
Cow/S 322 27.09 43.2 .03761 38.4 .20203 41.1 1.00 1.57 
Lactation/C 233 34.83 55.6 .05975 61.0 .26366 57.8 1.00 
Seventh month 
Sire 59 3.43 4.4 .00332 2.9 .02444 3.9 1.00 1.73 9.78 
Cow/S 314 29.58 37.6 .03720 33.0 .24788 39.4 1.00 1.56 
Lactation/C 219 45.68 58.0 .07225 64.1 .35678 56.7 1.00 
Eighth month 
Sire 60 6.92 7.1 .00752 5.6 .03252 4.6 1.00 1.69 9.24 
Cow/S 305 32.88 34.0 .04278 31.6 .24759 34.9 1.00 1.53 
Lactation/C 204 57.01 58.9 .08531 62.9 .42907 60.5 1.00 
Ninth month 
Sire 51 11.87 9.2 .01348 7.4 .05556 6.0 1.00 1.63 9.50 
Cow/S 274 34.89 27.2 .03672 20.3 .30321 32.9 1.00 1.51 
Lactation/C 174 81.54 63.6 .13072 72.2 .56373 61.1 1.00 
Tenth month 
Sire 49 10.15 6.6 .00985 4.5 .12320 9.6 1.00 1.58 9.09 
Cow/S 262 50.08 32.5 .06756 30.9 .26902 20.9 1.00 1.45 
Lactation/C 148 93.97 60.9 .14102 64,6 ,89336 69.5 1.00 
Pooled 
Month 9 -.16 0.0 -.00003 0.0 -.00166 0.0 1.00 1.97 16.80 
Sire/M 642 5.98 6.8 .00673 4.9 .04271 6.2 1.00 1.76 9.97 
Cow/S 3335 31.05 35.1 .03763 27.2 .22747 33.2 1.00 1.60 
Lactation/C 2533 51.36 58.1 .09413 68.0 .41448 60.5 1.00 
Table 9. Heritabllitles and repeatabilities from paternal half-sib analyses of single monthly yields 
Breed Month Milk Milk fat Solids-not-fat 
Her. s.e, Rep. s.e. Her. s.e. Rep. s.e. Her. s.e. Rep. s.e. 
1 .179 .013 .290 .009 .184 .013 .254 .009 .165 .013 .272 .009 
2 .176 .014 .354 .009 .153 .013 ,261 .009 .159 .013 .320 .009 
3 .160 .014 .389 .009 .128 .012 .284 .009 .140 .013 .359 .009 
4 .144 .014 .405 .009 .128 .013 ,316 .009 ,128 .013 ,374 .009 
5 .160 .015 .421 .010 .142 .014 .344 .010 ,146 .014 ,393 .010 
5 .160 .015 .432 .010 .162 .015 .381 .010 ,145 .015 ,410 .010 
7 .157 .015 .410 .010 .166 .015 .361 .010 ,150 .015 , .391 .010 
8 .181 .016 .381 .011 .187 .016 .342 .011 ,179 .016 .370 .011 
9 .208 .018 .316 .012 .198 .017 .287 .012 ,194 .017 .304 .012 
10 .208 .018 .255 .013 .195 .018 .234 .013 .199 .018 .237 .013 
ed .177 .005 .363 .003 .168 .005 .293 .003 ,165 .005 .341 .003 
'iss 
1 .207 .051 ,328 .028 .248 .053 .255 .029 .232 .053 .328 .028 
2 .202 .055 .392 .030 .114 .045 .294 .031 .176 .052 .372 ,030 
3 .129 .049 .414 .030 .064 .040 .282 .030 .106 .047 .403 .030 
4 .114 .050 ,422 .031 .028 .041 .328 .032 .091 .048 .416 .031 
5 .085 .049 .452 .032 .043 .043 ,337 ,032 .075 .048 .432 .032 
6 .165 .057 .446 .033 .101 .050 ,381 ,034 .169 .057 .432 ,033 
7 .174 .059 .443 .034 .168 .057 ,376 .034 .147 .056 .426 .034 
8 .167 .061 .454 .035 .176 .060 .375 .036 .150 .059 .444 ,035 
9 .246 .068 .393 .037 .240 .066 .344 .038 .220 .065 .382 .037 
10 .219 .067 .286 .042 .204 .066 .272 .043 .207 .066 .278 .042 
.ed .177 .018 .398 .010 .152 .017 .312 .011 .166 .017 .388 ,010 
Holstein 
S^tandard error of estimates, according to Dickerson (1960) 
Table 9. (Continued) 
Breed Month Milk 
Her. s.e. Rep. s.e. 
Jersey 
Guernsey 
1 .212 .053 .374 .030 
2 .227 .057 .351 .032 
3 .081 .047 .373 .034 
4 .178 .058 .407 .035 
5 .202 .063 .451 .036 
6 .230 .068 .450 .038 
7 .163 .066 .507 .039 
8 .148 .064 .478^  .041 
9 .179 .070 .437 .044 
10 .330 .086 .287 .052 
ed .202 .020 .399 .012 
1 .249 .064 .381 .034 
2 .232 .069 .455 .037 
3 .248 .072 .467 .037 
4 .166 .068 .491 .038 
5 .146 .067 .478 .038 
6 .225 .079 .539 .041 
7 .216 .077 .488 .042 
8 .153 .075 .452 .045 
9 .231 .082 .378 .048 
10 .306 .092 .226 .056 
.ed .227 .023 .428 .013 
Milk fat Solids-not-fat 
Her. s.e. Rep. s.e. Her. s.e. Rep. s.e. 
.210 .051 .272 .031 .215 .053 .345 .030 
.094 .043 .218 .033 .191 .053 .299 .033 
.047 .042 .256 .035 .079 .046 .338 .034 
.059 .046 .319 .036 .130 .053 .365 .035 
.081 .050 .333 .038 .166 .059 .404 ;037 
.161 .060 .378 .039 .201 .064 .421 .038 
.211 .068 .409 .041 .194 .068 .477 .039 
.169 .065 .409 .042 .153 .064 .447 .041 
.210 .072 .415 .044 .165 .068 .405 .044 
.357 .088 .273 .053 .237 .076 .257 .053 
.171 .018 .308 .012 .179 .019 .365 .012 
.173 .056 .283 .035 .244 .063 .342 .035 
.159 .061 .349 .038 .232 .069 .432 .037 
.159 .061 .361 .038 .223 .069 .451 .037 
.058 .056 .379 .039 .134 .064 .467 .038 
.075 .057 .328 .040 .107 .063 .433 .039 
.089 .064 ,421 .042 .174 .073 .486 .041 
.125 . 066 .370 .043 .204 .075 .456 .042 
.131 .072 .405 .046 .136 .074 .444 .045 
.237 .081 .309 .049 .216 .080 .350 .048 
.220 .083 .208 .057 .290 .090 .218 .057 
.155 .021 .331 .013 .208 .023 .401 .013 
Table 9. (Continued) 
Breed Month Milk Milk fat Solids-not-fat 
Her. s.e. Rep. s.e. Her. s.e. Rep. s.e. Her. s.e. Rep. s.e. 
e 
1 .194 .064 .313 .038 .228 .067 .269 .039 .189 .063 .296 .038 
2 .116 .058 .374 .039 .112 .055 .253 ,041 .128 .059 .344 .040 
3 .030 .051 .413 .040 . 044 .050 .322 .040 .046 ,052 .395 ,040 
4 ,033 .052 .365 .041 .036 .051 .314 .042 .048 ,053 .366 ,041 
5 -.012 .048 .349 .043 .022 .051 .317 .044 .004 ,050 .350 ,043 
6 -.059 .045 .377 .045 -.056 .045 .359 .045 -.037 .048 .381 .045 
7 .096 .064 .272 .050 .121 .065 .214 .051 .096 .063 .270 ,050 
8 .155 .076 .354 .050 . 144 .072 .277 .052 .124 ,072 .333 .051 
9 .145 .078 .351 .053 .170 ,080 .306 ,054 .109 ,073 .315 .053 
10 .197 .087 .306 .057 .317 .103 ,334 .057 .144 .079 .268 ,058 
led .106 .020 .354 .014 .137 .021 .297 .014 .098 .020 .337 ,014 
Shorthorn 
1 .468 .143 .367 .054 .372 ,124 .254 .056 .409 .134 ,345 .056 
2 .219 .121 .471 .053 .057 .094 .363 ,057 .220 .119 .433 ,058 
3 .296 .132 .447 .059 .265 .120 .298 .060 .319 .133 .423 .060 
4 .287 .134 .432 .061 .091 .102 .310 .060 ,237 .126 .405 .061 
5 .114 .113 .385 .062 .065 .102 .303 .062 .097 .109 .357 .062 
6 .050 .114 • 444 .066 .026 .108 .390 .066 .044 .113 .422 .066 
7 .174 .131 .419 .068 .118 .119 .359 .069 ,155 .129 .433 .068 
8 .286 .149 .411 .071 .222 .138 .371 .071 .183 ,134 ,395 .070 
9 .370 .168 .364 .073 .298 .151 .277 .079 .241 .149 .389 .076 
10 ,263 .159 .391 .082 .180 .144 ,354 ,082 .383 .173 ,305 .086 
lied .271 .043 .419 .020 .194 .038 .320 .020 .250 ,042 .395 .020 
60 
Vail Vleck and Henderson (1961). The estimates are slightly larger, but 
follow the same trend as found by Lamb and McGilliard (1967) who calcu­
lated their estimates from the regression of daughter on dam. The most 
reliable and consistent estimates in the present study are those for the 
Holstein breed. The other breeds show the same trends, but are more 
exaggerated in differences from month to month. This is probably due to 
sampling. The highest heritabilities occur in the early and late months 
of lactation. The lowest heritabilities are evident in the fourth month. 
The differences are not great in the estimates from the Holstein data, 
but the trend is there. It is most pronounced for milk fat and least for 
SNF. For Holsteins, SNF is slightly less heritable than either milk 
or milk fat. However, for the other breeds, milk fat is usually the 
least heritable with SNF more closely resembling milk in heritability. 
The estimates of heritability exceed those of repeatability in 
the tenth month for several breeds. Theoretically, this is impossible. 
Since the sampling error is largest in this month, the results could 
easily be due to sampling.- Another explanation could be the tendency 
for an environmental correlation among daughters of the same sire with­
in the tenth month. Since the estimation of heritability is based on 
the assumption of no environmental correlation among paternal half-sibs 
and the estimate is, in fact, equal to four times the correlation 
among paternal half-sibs, any environmental correlation could easily 
cause the estimate to be high. All data for the sire analyses were 
restricted to at least three daughters per sire. This means many 
naturally proven sires could be included in the analyses. 
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To get an indication of whether the high estimate of heritability 
for the tenth month might be due to an environmental correlation, sepa­
rate analyses were run restricting the data to those sires with at 
least ten daughters within a given stage of lactation. These analyses 
were run on the Brown Swiss and Jersey breeds since they were the sec­
ond and third most numerous breeds. The Jersey data gave a high esti­
mate of heritability in the tenth month for the analysis of all data. 
The results are shown in Figure 3. It was felt that the restriction 
of sires to those with at least ten daughters would increase the pro­
portion of sires used in artificial insemination (AI) and reduce the 
chance of environmental correlation being as important. The results 
for the Brown Swiss showed no appreciable differences in the size of 
the heritability estimates or in the trend across stages of lactation. 
The estimates for Jerseys did show a consistent lowering in all months 
except the tenth which showed an almost identical value. The results 
from the Jerseys are still inconclusive as there are at least two pos­
sible explanations for such an occurrence. The first is that there is 
environmental correlation among paternal half sibs and its influence 
on the heritability estimates was reduced by restricting the data to 
more daughters per sire. This could be the case for all months except 
the tenth. Secondly, by the very same restriction, the variance among 
sires might be expected to be reduced. If the proportion of AI sires 
is increased and AI sires are indeed a selected sample of all sires, 
then one might expect a smaller betw2en-sire component of variance. 
Therefore, since the estimate of heritability for the tenth month of 
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Figure 3. Differences in estimates of heritability and repeatability of 
monthly milk production as affected by restrictions upon the 
number of daughters per sire per month 
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Figure 4. Heritability of monthly milk production from three studies 
of Holstein data 
lactation in the Jerseys was not affected by the restriction of larger 
numbers of daughters per sire, it seems that the estimate is high, 
due to sampling. 
If the apparent discrepancy between the trends of the heritability 
estimates in the present study and of those obtained by Van Vleck and 
Henderson (1961) is real, there is no obvious reason. The heritabili-
ties in this study and in that of Lamb and McGilliard (1967) tend to 
follow the relative size of the total variation associated with the 
different months of lactation. Since Van Vleck and Henderson used 
multiplicative factors, rather than additive factors, to adjust for 
stage and age by stage interaction effects, it is expected that the 
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variances across months of lactation would be nearly homogeneous. 
The trends of the heritability estimates from all three studies are 
shown in Figure 4. It may be seen that the differences for some 
months are not small. When the standard errors of the estimates are 
considered, there are probably some significant differences. The dif­
ferent trends for each study are most noticeable. 
Repeatabilities of monthly yields 
The differences in the repeatability estimates in Table 9 reflect 
differences in the proportion of permanent and temporary conditions 
which affect the monthly production of milk and its constituents. All 
traits follow the same pattern. In all breeds, the repeatabilities 
of SÎJF more closely resemble those for milk than do those of milk fat. 
The repeatabilities for milk fat appear significantly lower than the 
corresponding ones for milk and SNF in most months of lactation for 
the breeds with more observations. 
The repeatability of monthly production rises as the stage of 
lactation progresses. A maximum is reached in mid to late lactation 
and the repeatability declines through the remainder of the lactation. 
A minimum is found for the tenth month. This trend indicates that 
temporary environment is most influential in the extreme months while 
permanent environment and genetic differences are more influential in 
mid lactation. The estimates are approximately the same size as those 
of Van Vleck and Henderson (1961) who obtained their estimates by re­
gressing a second record on a previous one. The estimates are also 
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similar to those of Lamb and McGilliard (1967) when they used adjacent 
lactations. The agreement with adjacent lactations would be expected 
since most of the lactations in this study were adjacent. 
Correlations among yields within months 
The correlations among traits within each month of lactation are 
presented in Table 10. In both genetic and phenotypic correlations, 
milk and SNF yields are the most highly correlated in all months. 
These are followed by milk fat with SNF yield, while milk and milk 
fat yields have the lowest of the three correlations. Phenotypically, 
this lowest correlation runs from 0.73 for the first month to 0.96 for 
the tenth month in the Holstein data. The phenotypic correlations be­
tween milk and SNF start at 0.96 and go to 0.98 for the last half of 
the lactation. The correlations are similar for the other breeds. 
In general, the genetic correlations also increase as the lacta­
tion progresses. In the Holstein data, there is some decrease in the 
second and third months for the correlations between milk fat and SNF. 
The genetic correlations between milk and SNF are essentially the same 
regardless of the month of lactation. Those for the seventh, eighth 
and ninth months are about 0.01 higher. However, this is of little 
practical difference, though the standard errors are small enough that 
the differences could be significant. The other breeds follow the same 
patterns. Their estimates indicate larger standard errors and the es­
timates are more erratic from month to month. 
Table 10, Correlations among yields within months of lactation 
Trait Trait Trait Trait 
Milk Fat SNF Milk Fat SNF 
Holstein 
First month 
Milk 
Milk fat 
Solids-not-fat 
Third month 
Milk 
Milk fat 
Solids-not-fat 
Fifth month 
Milk 
Milk fat 
Solids-not-fat 
.661* .947 
(.036)b (.004) 
,732 .732 
(.030) 
.963 .780 
.708 .951 
(.039) (.007)C 
.815 .770 
(.035) 
.974 .841 
.693 .956 
(.041) (.006)2 
,845 .763 
(.035) 
,978 .872 
Second month 
Milk 
Milk fat 
Solids-not-fat 
Fourth month 
Milk 
Milk fat 
Solids-not-fat 
Sixth month 
Milk 
Milk fat 
Solids-not-fat 
.760 .956 
(.031) (.005)c 
,800 .799 
(.023) 
.971 .823 
.624 .946 
(.052) (.008)C 
.830 .713 
(.044) 
,976 .856 
.738 .952 
(.035) (.007)C 
.864 .802 
(.027) 
.980 .889 
G^enetic correlations above the diagonal of each cell; phenotypic correlations below diagonal 
S^tandard error of genetic correlation, according to formula of Tallis (1959) 
N^egative estimate of variance from formula of Tallis; standard error estimate according to 
formula of Robertson (1959) 
Table 10. (Continued) 
Trait Trait 
Milk Fat SNF 
Seventh month 
Milk 
Milk fat 
Solids-not-fat 
Ninth month 
Milk 
Milk fat 
Solids-not-fat 
.765 ,960 
(.032) (.002) 
.880 .826 
(.024) 
.981 .902 
.915 .969 
(.012) (.004) 
.936 .913 
(.012) 
. 984 .943 
Pooled 
Milk 
Milk fat 
Solids-not-fat 
Second month 
Milk 
Milk fat 
Solids-not-fat 
.776 .956 
(.009) (.000) 
.847 .816 
( .008)  
.977 .870 
.926 .978 
(.033)C (.009)® 
.831 .919 
(.038)C 
.976 .849 
Trait Trait 
Milk Fat SNF 
Eighth month 
Milk .837 .964 
(.022) (.005) 
Milk fat .904 .864 
( .018) 
Solids-not-fat .984 .921 
Tenth month 
Milk .956 .956 
(.006) (.005) 
Milk fat .964 .928 
(.010) 
Solids-not-fat .983 .960 
Brown Swiss 
First month 
Milk .920 .987 
(.045) (.004) 
Milk fat .808 .895 
(.049) 
Solids-not-fat .974 .830 
Third month 
Milk .798 .957 
(.126)° (.024) 
Milk fat .856 .800 
(.135) 
Solid,-s-not-fat .979 .873 
Table 10. (Continued) 
Trait Trait 
Milk Fat SNF 
Fourth month 
Milk .729 .970 
(.267)C (.020) 
Milk fat .869 .680 
(.335) 
Solids-not-fat .982 .888 
Sixth month 
Milk .930 .971 
(.040)C (.013) 
Milk fat .895 .957 
(.024) 
Solids-not-fat .985 .912 
Eighth month 
Milk .899 .980 
(.053) (.010) 
Milk fat .919 .920 
(.028) 
Solids-not-fat .987 .930 
Tenth month 
Milk .985 .946 
(.007)° (.020) 
Milk fat .966 .944 
(.027) 
Solids-not-fat .982 .960 
Trait Trait 
Milk Fat SNF 
Fifth month 
Milk .638 .941 
(.188) (.049)C 
Milk fat .880 .735 
(.258)0 
Solids-not-fat .983 .900 
Seventh month 
Milk .900 .935 
(.054) (.032) 
Milk fat .904 .898 
(.048) 
Solids-not-fat .983 .916 
Ninth month 
Milk .916 .980 
(.036) (.008) 
Milk fat .928 .930 
(.029) 
Solids-not-fat .987 .936 
Pooled 
Milk .890 .967 
(.017) (.002) 
Milk fat .880 .891 
(.019) 
Solids-not-fat .981 .894 
Table 10. (Contitiued) 
Trait Trait 
Milk Fat SNF 
Jersey 
First month 
Milk 
Milk fat 
Solids-not-fat 
Third month 
Milk 
Milk fat 
Solids-not-fat 
FiEth month 
Milk 
Milk fat 
Solids-not-fat 
Seventh month 
Milk 
Milk fat 
Solids-not-fat 
,782 
,973 
.812 
.977 
.679 .974 
(.108) (.011) 
.746 
(.089) 
.816 
.254 .919 
(.631) (.063) 
.566 
(.348) 
,844 
.821 .987 
(.101)° (.006) 
.843 .824 
(.106) 
.980 .874 
.869 .972 
(.053) (.015) 
.880 .904 
(.048) 
.980 .905 
Trait Trait 
Milk Fat SNF 
Second month 
Milk 
Milk fat .801 
Solids-not-fat .975 
Fourth month 
Milk 
Milk fat .815 
Solids-not-fat .979 
Sixth month 
Milk 
Milk fat .855 
Solids-not-fat .981 
Eighth month 
Milk 
Milk fat .904 
Solids-not-fat .980 
.780 .973 
(.093)° (.010) 
.832 
(.077) 
.835 
.843 .985 
(.103)° (.008) 
.867 
(.099) 
.858 
.870 .977 
(.025) (.010) 
.902 
(.036) 
.884 
.860 .974 
(.073) (.013) 
.889 
( .060) 
.919 
Table 10. (Continued) 
Trait Trait 
Milk Fat SNF 
Ninth month 
Milk 
Milk fat .930 
Solids-not-fat .980 
.947 
(.004) 
.936 
. 948 
(.017) 
.925 
(.038)C 
Pooled 
Milk 
Milk fat 
Solids-not-fat 
Second month 
Milk 
Milk fat 
Solids-not-fat 
Fourth month 
Milk 
Milk fat 
Solidfî-not-fat 
.852 
.977 
.826 
.976 
.838 
.980 
.806 .959 
(.027) (.006)c 
.824 
(.027) 
.875 
.812 .964 
(.066) (.016) 
.842 
(.039) 
.848 
.878 .980 
(.103)^  (.013)C 
.936 
(.060)2 
.873 
Trait Trait 
Milk Fat SNF 
Tenth month 
Milk .968 .918 
(.008) (.032)c 
Milk fat .965 .877 
(.046)C 
Solids-not-fat .970 .946 
Guernsey 
First month 
Milk .745 .966 
(.094) (.014) 
Milk fat .795 .763 
(.086) 
Solids-not-fat .971 .814 
Third month 
Milk .893 .979 
(.048)C (.009)c 
Milk fat .815 .931 
(.033)C 
Solids-not-fat .978 .843 
Fifth month 
Milk .826 .968 
(.133)C (.023)C 
Milk fat .856 .854 
(.129)C 
Solids-not-fat .982 .885 
Table 10. (Continued) 
Trait Trait 
Milk Fat SN]? 
Sixth month 
Milk .926 .992 
(.051)C (.Q04)c 
Milk fat .866 .910 
(.067)c 
Solids-not-fat .983 .893 
Eighth month 
Milk .836 .968 
(.104) (.023)C 
Milk fat .902 .906 
(.077) 
Solids-not-fat .987 .922 
Tenth month 
Milk .949 .968 
(.023)C (.009) 
Milk fat .961 .923 
(.033)C 
Solids-not-fat .984 .962 
Ayrshire 
First month 
Milk .822 .934 
(.099) (.033) 
Milk fat .772 .870 
(.078) 
Solids-not-fat .965 .796 
Trait 
Seventh month 
Milk 
Milk fat 
Solids-not-fat 
Ninth month 
Milk 
Milk fat 
Solids-not-fat 
Pooled 
Milk 
Milk fat 
Solids-not-fat 
Second month 
Milk 
Milk fat 
Solids-not-fat 
• Trait 
Milk Fat SNF 
.873 .979 
(.073)C (.011)c 
.876 .932 
(.041)2 
.985 .900 
.931 .976 
(.040) (.012)= 
.929 .957 
(.021) 
.987 .942 
.859 .972 
(.022)C (.004)c 
.863 .883 
(.007) 
.980 .884 
.876 .959 
(.135) (.027)c 
.809 .899 
(.105) 
.976 .830 
Table 10. (Continued) 
Trait 
Third month 
Milk 
Milk fat 
Solids-not-fat 
Fifth month 
Milk 
Milk fat 
Solids-not-fat 
Seventh month 
Milk 
Milk fat 
Solids-not-fat 
Ninth month 
Milk 
Milk fat 
Solids-not-fat 
Trait Trait Trait 
Milk Fat SNF Milk Fat SNF 
.819 
.978 
.872 
.983 
.922 
.987 
.954 
.968 
.424 .905 
(.981) (.177) 
.565 
(.643) 
.841 
— d d 
.754 
.892 
(1.619) 
.857 .977 
(.079) (.017) 
.331 
(.094) 
.930 
.959 .948 
(.029)C(.043)C 
.933 
.902 
(.074)C 
Fourth month 
Milk 
Milk fat 
Solids-not-fat 
Sixth month 
Milk 
Milk fat 
Sollds-not-fat 
Eighth month 
Milk 
Milk fat 
Solids-not-fat 
Tenth month 
Milk 
Milk fat 
Solids-not-fat 
.851 
.980 
.894 
.984 
.534 
(.901) 
.872 
.878 , 
(.214) 
.736 
(.398) 
-- d 
-- d 
.913 
.950 
(.045) 
.927 
.982 .930 
.979 
(.011)° 
.964 
.948 .915 
.963 
(.027)C 
.935 
(.029) 
.750 
(.129) 
.735 
(.137)2 
Correlation not estimable due to negative between sire component of variance 
Table 10. (Continued) 
Trait Trait Trait Trait 
Milk Fat SNF Milk Fat SNF 
Pooled 
Milk 
Milk fat 
Solids-not-fat 
Second month 
Milk 
Milk fat 
Solids-not-fat 
Fourth month 
Milk 
Milk fat 
SoljLds-not-fat 
,871 
.973 
,840 
,972 
.880 .891 
( .021) ( .026) 
. .818 
(.029) 
.876 
1.102 .954 
—® (.037) 
1.205 
_„e 
,851 
.933 .964 
(.066)C(.025)C 
,879 .950 
(.053)C 
.976 .892 
Milking Shorthorn 
First month 
Milk 
Milk fat 
Solids-not-fat 
Third month 
Milk 
Milk fat 
Solids-not-fat 
Fifth month 
Milk 
Milk fat 
Solids-not-fat 
.805 
.968 
.842 
.974 
.890 .969 
(.067) (.014)C 
.902 
(.070) 
.833 
.926 
(.080) 
,858 
.947 
(.025) 
.996 
(.029) 
.698 .916 
(.212) (.120)C 
.896 .850 
( .260)= 
.981 .907 
N^egative estimate of variance from formula of Tallis; standard error not estimable from formula 
of Robertson because estimate of correlation is greater than 1.0 
i 
Table 10. (Continued) 
Trait 
Sixth month 
Milk 
Milk fat 
Solids-not-fat 
Eighth month 
Milk 
Milk fat 
Solids-not-fat 
.Tenth mouth 
Milk 
Milk fat 
Solids-not-fat 
Milk 
Trait 
Fat SHF 
.585 .910 
(1.126) ( .200) 
.913 .807 
(.800)° 
.972 .916 
.941 .934 
(.04ô)C(.056)C 
.948 .910 
(.045) 
.960 .921 
.989 .638 
(.010)C(.210) 
,917 .628 
(.172) 
,906 .882 
Trait 
Seventh month 
Milk 
Milk fat 
Solids-not-fat 
Ninth month 
Milk 
Milk fat 
Solids-not-fat 
Pooled 
Milk 
Milk fat 
Solids-not-fat 
.Trait 
Milk Fat SNF 
,917 .996 
(.098)^  (.005)^  
.922 .960 
(.051)C 
.975 .922 
.976 .894 
(.016)'= (.075)° 
,961 .917 
(.001) 
.954 .924 
.912 .891 
(.021)° (.023) 
.888 .869 
( .026)  
.961 .881 
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Correlations among percentages and yields within months 
The correlations involving the percentages were not calculated 
directly from the data. However, since the yields of constituents 
are determined by multiplying the appropriate percentages by the yield 
of milk, there Is a basic biometrical relation between the yield and 
percentage of each constituent. The applications of the biometrical re­
lation to certain statistics regarding lactation data were published by 
Eisen (1966). This work is based on earlier studies dating back to 
Pearson (1897). Many references to the relations of items in indexes 
(ratios and products) have appeared since that early time. Two such 
references are by Dunn (1929) and Reed (1921). 
Since the constituent yields were calculated by multiplying the 
milk yield by the percentages, the percentages can be recomputed by 
dividing the constituent yields by the milk yield. This is analogous 
to computing lactational percentages from total lactation yields. 
Therefore, estimates of the correlations among daily percentages and 
yields may be calculated from statistics involving yields alone, by 
using the formulas of Eisen (1966). 
All equations used to estimate correlations between yields and 
percentages are given in Eisen (1966). The phenotypic correlations 
were computed using the phenotypic parameters and the genetic ones using 
the genetic parameters. The correlations between milk fat and SNF per­
centages were computed from the following formulas, which are based on 
the formula of Pearson (1897). The upper case subscripts refer to 
yields and the lower case subscripts refer to percentages. 
Ûm^F 
The estimates of the correlations among percentages and yields are 
given in Table 11. It must be remembered that these indirect estimates 
are more subject to error than are those calculated directly. Even 
though the Holsteins had a very large number of observations for esti­
mating the genetic parameters of yields, there are a few indirect esti­
mates which appear aberrant. Most notable are the heritabilities for 
the percentages. 
The genetic and phenotypic correlations do not depart extremely 
from those calculated directly from lactation totals. The magnitude of 
all correlations tend to decrease as the lactation progresses, except 
for the phenotypic correlation between solids-not-fat percentage and 
yield which increases slightly from the second through tenth month. 
The highly negative relations between percentages and milk yield mod­
erate and tend toward zero as the lactation progresses. Any trend in 
the correlations between constituent percentage and yield is less no­
ticeable, but the correlations are of lesser magnitude in late lactation 
There is no apparent trend in the heritability estimates for milk fat 
percentage. Those for SNF tend to increase as the lactation progresses. 
There is no obvious reason for the low estimates of heritability. 
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Table 11. Correlations between yields and percentages, as derived from 
analyses of yields* 
Percentage Yields Percentage Heritability 
constiwent Milk fat SoXids-notTfat 
First month 
•Milk fat 
Genetic -.480 
Phenotypic -.484 
Solids-not-fat 
Genetic -.528 
Phenotypic -.421 
Second month 
Milk fat 
Genetic -.292 
Phenotypic -.180 
Solids-not-fat 
Genetic -.433 
Phenotypic -.219 
Third month 
Milk fat 
Genetic -.434 
Phenotypic -.256 
Solids-not-fat 
Genetic -.465 
Phenotypic -.203 
Fourth month 
Milk fat 
Genetic -.479 
Phenotypic -.271 
Solids-not-fat 
Genetic -.444 
Phenotypic -.138 
Fifth month 
Milk fat 
Genetic -.434 
Phenotypic -.248 
Solids-not-fat 
Genetic -.410 
Phenotypic -.160 
.341 
.243 
-.228 
- . 160  
.399 
.447 
-.148 
.019 
.329 
.352 
-.169 
.020 
.387 
.313 
-.130 
.031 
.349 
.308 
- .126  
.051 
.220 
.581 
.532 
.247 
.177 
.456 
.349 
.250 
.202 
.557 
.396 
.264 
.258 
.593 
.415 
.276 
.260 
.571 
.428 
.273 
H^olstein data 
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Table 11. (Continued) 
Percentage Yields Percentage Heritability 
constituent  ^ solids-not-fat 
Milk Milk fat Solids-not-fat 
Sixth month 
Milk fat .274 
Genetic -.309 .414 .541 
Phenotypic -.221 .299 .433 
Solids-not-fat .324 
Genetic -.371 -.068 
Phenotypic -.128 .073 
Seventh month 
Milk fat .281 
Genetic -.267 .417 .548 
Phenotypic -.139 .299 .425 
Solids-not-fat .292 
Genetic -.288 -.008 
Phenotypic -.095 .098 
Eighth month 
Milk fat .275 
Genetic -.177 .391 ,418 
Phenotypic -.148 .289 .418 
Solids-not-fat .347 
Genetic -.202 .066 
Phenotypic -.096 .082 
Ninth month 
Milk fat .237 
Genetic -.155 .254 .284 
Phenotypic -.085 .270 .349 
Solids-not-fat . 3 5 7  
Genetic -.303 -.059 
Phenotypic -.091 .086 
Tenth month 
Milk fat .213 
Genetic -.090 .204 .181 
Phenotypic .030 .297 .250 
Solids-not-fat .489 
Genetic -.228 .068 
Phenotypic -.048 .134 
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Table 11. (Continued) 
Percentage 
constituent 
Milk Milk fat Solids-not-fat 
Yields Percentage Heritability 
solids-not-fat 
Pooled over months 
Milk fat 225 
Genetic -.252 
Phenotypic -.153 
415 
395 
450 
386 
Solids-not-fat 
.295 
Genetic -.341 
Phenotypic -.142 
-.050 
.073 
Correlations between bead reading and yields 
Though there were no correction factors available for the bead 
readings, age and stage constant values can be obtained. This may be 
done by inverting the original equation of Erb e_t al. (1960) and solving 
for the number of beads sinking in terms of the percentages. Each per­
centage may be obtained by using the ratio of the yield of constituent 
to the yield of milk. In this manner, values can be obtained which ex­
press the bead reading (specific gravity) on a constant age and stage 
basis. These values can be treated as variables and analyses performed 
which lead to estimates of the genetic and phenotypic correlations with 
the yields and to estimates of the heritability or ratio of additively 
genetic variance to total variance. The estimates lor three breeds are 
shown in Table 12. Through an error in programming for the computer, 
the stage effects were left in the bead values for the Holstein breed. 
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Table 12. Correlations between beads and yields 
Month 
Milk 
Genetic 
Milk 
fat 
; Phenotypic Milk Milk SNF fat Heritability of beads Tota variani for beai 
Holstein 
1 .328 .236 .062 .133 .106 -.088 .188 2.3008 
2 .346 .207 .089 .088 .096 -.122 .219 1.4622 
3 .383 .159 .105 .076 .049 -.128 .233 1.3209 
4 .325 .040 .023 .054 .012 -.143 .241 1.3076 
5 .281 .073 .009 -.002 -.050 -.189 , .235 1.3578 
6 .355 .040 .083 -.241 -.270 -.350 .070 3.6610 
7 .294 .082 -.013 .008 -.042 -.141 .172 1.8508 
8 .131 .006 -.104 .027 -.029 -.119 .338 1.7688 
9 .265 .200 .080 -.002 -.044 -.093 .176 3.3732 
10 .083 .015 -.042 -.096 -.132 -.159 .227 3.0461 
Pooled .261 .114 .024 -.007 -.033 -.157 .194 2.1454 
Brown 1 Swiss 
1 -.209 -.033 -. 354 .031 .087 -.136 .104 4.8369 
2 .115 .147 -.024 .122 .130 -.035 .220 4.2047 
3 .226 .153 -.058 .096 .094 -.073 .260 2.6152 
4 .286 .412 .054 .013 .010 -.140 .209 2.1017 
5 .036 -.166 -.268 -.040 -.050 -.184 .235 1.7271 
6 -.236 -.389 -.424 -.114 -.118 -.245 .267 1.5985 
7 -.072 -.211 -.279 -.096 -.105 -.225 .321 1.4818 
8 .248 .188 .069 -.106 -.108 -.226 .318 1.2670 
9 .115 .073 -.025 -.108 -.115 -.209 .437 1.1532 
10 .143 .088 .002 -.073 -.097 -.153 .566 0.8210 
Pooled .050 .015 -. 13.2 .001 .012 -.137 .219 2.3581 
Jersey 
1 .235 .402 .112 .012 .034 -.147 .046 8.6060 
2 .244 .265 .139 .070 .038 -.102 .211 5.1526 
3 -.001 -.897 -.431 .078 .099 -.087 .085 3.0179 
4 .702 . 590 .580 .020 -.006 -.136 .096 2.2476 
5 .157 .213 .001 .013 .017 -.148 .175 1.9438 
6 .214 .151 .028 -.037 -.032 -.189 .253 1.9243 
7 -.292 -.251 -.453 -.038 -.055 -.174 .315 1.4101 
8 .298 .215 .130 -.039 -.048 -.161 .372 1.1854 
9 .256 .220 .033 -.071 -.080 -.175 .468 1.1379 
10 .085 .100 -.089 -.014 -.013 -.079 .748 0.7634 
Pooled .204 .272 .128 .010 -.017 -.151 .135 3.2522 
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Such an error should not affect the correlations or heritabilities within 
months of lactation, since the effect of this error is common to all ob­
servations within each month. The most serious consequence is a result 
of the deviation process. Each herd's monthly average is no longer 
stage constant, but rather a function of the calving pattern. If all 
herds had a relatively constant calving pattern, there would be no prob­
lem. It was felt that the consequences were small, that some useful 
information regarding trends could be obtained from the analyses. The 
bead values for the Jersey and Brown Swiss breeds were not subjected 
to the programming error concerning stage of lactation. However, the 
numbers of observations were greatly reduced which allowed greater 
fluctuation due to random chance. The effect of leaving the stage effect 
in the data may be seen in the contrast in patterns of total variance for 
Hoisteins as compared with the other two breeds. 
In most months, the genetic correlation between milk yield and speci­
fic gravity (bead reading) was greater than the genetic correlation be­
tween SNF and bead reading. This would indicate that little can be gained 
by adding bead information to milk yield when predicting genetic worth of 
an individual for SNF yield. This is especially true when the high gene­
tic correlation between milk and SNF yields is considered. These con­
clusions are confirmed in Table 13, in which selection indexes were eval­
uated for selecting SNF yield. 
Two indexes were evaluated for predicting the additively genetic 
portion of SNF production, that is, H = Gg;^ . The first index used milk 
yield and bead reading as criteria for selection. This index may be rep­
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resented as I = x (Milk Yield) + b2 x (Bead Reading). The second in­
dex used milk yield alone, or I = b x (Milk Yield). The regression coef­
ficients and values are given in Table 13. In all months, but one, 
there was very little advantage to using the additional information from 
the bead reading, as indicated by the R^  values. 
The R^ values represent the amount of variation in H which is ac­
counted for by the index. Since H is the additively genetic ability for 
SNF production, the R^ values may be compared directly with the herita-
bilities of SNF to determine the relative merits of indirect versus 
direct selection for these Holstein data. In six of the ten months 
of lactation, the indexes were at least as effective as direct selection 
for SNF yield, as measured in this study. This means that selection for 
milk yield alone will result in practically as much gain in SNF yield as 
direct selection for SNF. 
The phenotypic indexes represent a change in the definition of the 
goal from genetic ability to the phenotype for SNF production. The same 
types of indexes were evaluated for predicting SNF yield. The index with 
both milk yield and bead reading had an R^ value which was one-half to 
nearly five percent higher, depending upon which month of lactation is 
considered. The R^ value for the index with milk alone is simply the 
square of the phenotypic correlation between milk and SNF yields. 
All values in Table 13 can be synthesized from information given 
elsewhere in this thesis. For instance, the R^  values for the genetic 
index with milk yield and bead reading may be expressed as follows: 
Table 13. Index selection for solids-not-fat 
Prediction of genetic ability Heri- Prediction of phenotypic ability 
Month Index 1 Index 2 tability index 1 Index 2 
u . T,2  ^ _2 of SNF , 2  ^ 2 
b^  R b R b^  b2 R b R 
1 .013253 -.006677 .161 .013139 .160 .165 .084917 -.146553 .975 .082419 .927 
2 .011891 .002369 .161 .011913 .161 .159 .083213 -.165027 .987 .081656 .944 
3 .010134 .006450 .145 ,010186 .145 .140 .083254 -.158945 .989 .081968 .948 
4 .009133 -.001673 .129 .009123 .129 .128 .083284 -.149033 .990 .082396 .952 
5 .010486 .001373 .146 ,010486 .146 .146 .083089 -.136616 .991 .083127 .956 
6 .011311 .017767 .158 ,010496 .145 .145 .081118 -.054161 .974 .083604 .960 
7 ,010893 -.001936 .145 .010891 .145 .150 .084154 -.094935 .985 .084046 .963 
8 .012621 -.018912 .173 .012556 .169 .179 .084516 -.101426 .980 .084173 ,969 
9 .014527 .008074 .196 .014525 .195 .194 .083959 -.053148 .977 .083970 .969 
10 .015045 -.006424 .190 .014977 .190 .199 .084070 -.050072 .971 .084607 .967 
Pooled .012117 .003212 .162 .012116 .162 .165 .083119 -.098986 .977 .083204 .954 
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 ^IH  ^M P KLSNF ^  ^ B ^  B,SNF " ^  \ B ^ B,SNF ^ M.SNF , 
1 - r® 
M,B 
and the if values for the index with milk yield alone may be expressed as 
~  ^M P M,SNF ' 
In these equations, h^  is the heritability of the trait as subscripted; 
p is the genetic correlation as subscripted; and r is the phenotypic 
correlation. 
Between Sire Analyses - Restricted Data 
To study the correlations among months and cumulative parts of the 
lactation and to estimate the heritabilities of cumulative parts, the 
data were restricted to lactations with all ten months represented. The 
degrees of freedom and coefficients for the expected mean squares are 
presented in Table 14. There was quite a drastic loss of data, but the 
structure does not appear altered. The relative sizes of the components 
of variance also indicate little change, as shown in Table 15. There is 
a tendency for the cow component to be slightly reduced as compared with 
those for all data in Table 8. However, the percentage of total variance 
is not reduced. The close agreement that is seen between Tables 8 and 15 
indicates that the restriction of the data has not changed any obvious 
relations within the various months. If there are differences, they are 
small and unimportant. Though they are not shown, heritabilities from 
the restricted data do not appear significantly different from those for 
all data, which would have slightly greater precision. The reduction in 
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Table 14. Degrees of freedom and coefficients of expected mean squares 
for analyses of restricted data 
Source d.f. Coefficients for E.M.S. 
Holste'in 
Sire 
Cow/S 
Lactation/C 
1054 
10736 
3236 
1 . 0 0  
1 .00  
1.00 
1.36 
1.27 
14.21 
Brown Swiss 
Sire 
Gov//S 
Lactation/G 
125 
765 
239 
1.00 
1 .00  
1.00 
1.35 
1.25 
8.84 
Jersey 
Sire 
Cow/ S 
Lactation/C 
122 
726 
171 
1 .00  
1 .00  
1.00 
1.31 
1 .18  
8.24 
Guernsey 
Sire 
Cow/S 
Lactation/C 
97 
467 
137 
1 . 0 0  
1 .00  
1.00 
1.32 
1.23 
7.13 
Ayrshire 
Sire 
Cow/S 
Lactation/C 
69 
478 
160 
1 .00  
1.00 
1 .00  
1.38 
1 . 2 8  
9.96 
Milking Shorthorn 
Sire 
Cow/S 
Lactation/C 
34 
185 
82 
1.00 
1.00 
1.00 
1.48 
1.35 
8.51 
number of observations makes the estimates of heritability more erratic, 
even for the Holsteins. 
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Table 15. Components of variance for yields on single test days -
restricted data 
Source Milk Milk fat 
Comp.^  7o^  Comp. % 
Holstein 
First month 
Sire 6.37 4.7 .01425 5.0 .04399 4 .5 
Cow/S 28.05 20.8 .05222 18.4 .17437 17 .7 
Lactation/C 100.19 74.4 .21761 76.6 .76714 77 .8 
Second month 
Sire 5.78 4.7 .00795 4.2 .03547 4 .1 
Cow/S 39.63 32.1 .04163 21.8 .24680 28 .5 
Lactation/C 78.02 63.2 .14183 74.1 .58360 67 .4 
Tliird month - —• 
Sire 4.43 4.0 .00601 3.9 .02630 3 .4 
Cow/5 38.12 34.5 .03888 25.1 .24583 31 .6 
Lactation/C 67.89 61.5 .11006 71.0 .50677 65 .1 
Fourth month 
Sire 3.81 3.8 .00474 3.5 .02322 3, .2 
Cow/S 38.56 37.9 .04273 31.2 .25961 36 .0 
Lactatiou/C 59.35 58.4 .08941 65.3 .43804 60, .8 
Fifth month 
Sire 3.40 3.5 .00432 3.3 .02176 3, ,1 
Cow/S 37.32 38.8 .04166 32.3 .25155 36, .2 
Lactation/C 55.57 57.7 .08313 64.4 .42083 60. 6 
Sixth month 
Sire 3.30 3.4 .00472 3.6 .02080 3. ,0 
Cow/S 38.41 39.8 .04579 35.4 .26396 37. 5 
Lactation/C 54.81 56.8 .07895 61,0 .41847 59. ,5 
Seventh month 
Sire 3.68 3.7 .00548 4.1 .02368 3. 3 
Cot?/S 37.31 37.9 .04522 33.8 .25711 35. ,6 
Lactation/C 57.36 58.3 .08300 62,1 .44254 61. 2 
Eighth month 
Sire 4.61 4.2 .00663 4.5 .03208 4. 0 
Cow/3 37.95 34.5 .04712- 31.5 .26668 33. 0 
Lactation/C 67.52 61.3 .09590 64.1 .50935 63. 0 
Ninth month 
Sire • 7.09 4.7 .00931 4.5 .04815 4. 3 
Cow/S 44.87 29.8 .05428 26.4 .32008 28. 8 
Lactation/C 98.71 65.5 .14218 69.1 .74353 66. 9 
C^omponent expressed on a dai ly weight basis in pounds 
P^ercen'c of total variance 
S^ olids-^ no^ -fat 
Corap. % 
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Table 15. (Continued) 
Source Milk Milk : fat Solids--not-fat 
Comp. 7o Cojnp. % Comp. 7= 
Tenth month 
Sire 11.96 5.0 .01591 4.7 .08750 4.8 
Cow/S 52.15 21.7 .06856 20.4 .37871 21.0 
Lactation/C 176.60 73.4 .25235 74.9 1.33930 74.2 
Brov/n Swiss 
First month 
Sire 11.34 9.3 .02785 10.1 .09117 9.3 
Cow/S 17.53 14.3 .02436 8.9 .13446 13.7 
Lactation/C 93.45 76.4 .22260 81.0 .75520 77.0 
Second month 
Sire 10.68 9.9 .01454 7.4 .07113 8.7 
Cow/3 27.11 25.0 .03534 18.1 .21481 26.3 
Lactation/C 70.45 65.1 .14549 74.5 .53004 65.0 
Third month 
Sire 5.81 6.4 .00459 3.1 .04097 5.8 
Cow/S 34.25 37.8 .03536 23.7 .26154 36.7 
Lactation/C 50.54 55.8 .10925 73.2 .40936 57.5 
Fourth month 
Sire 3.03 3.4 -.00070 0.0 .01840 2.5 
Cow/S 29.90 33.8 .03592 25.3 .24743 33.8 
Lactation/C 55.65 --62.8 .10593 74.7 .46522 63.6 
Fifth month 
Sire .20 .2 -.00045 0.0 -.00102 0.0 
Cow/S 34.81 40,4 .03295 23.1 .26105 36.8 
Lactation/C 51.09 59.3 ,10959 76.9 .44798 63.2 
Sixth month 
Sire 2.53 3.0 .00254 1.9 .02186 3.1 
Cow/S 28.96 34.8 .03153 23.3 .23823 34.2 
Lactation/C 51.75 62.2 .10129 74.8 .43545 62.5 
Seventh month 
Sire 1.76 2.1 .00381 2.6 .01742 2.4 
Cow/S 33.13 38.8 .04586 31.6 .26306 36.2 
Lactation/C 50.55 59.2 .09549 65.8 .44597 61.4 
Eighth month 
Sire 3.68 3.8 .00728 4.4 .02887 3.6 
Cow/S 36.67 37.8 .04652 28.3 .29272 36.1 
Lactation/C 56.60 58.4 .11062 67.2 .48977 60.4 
Ninth month 
Sire 6.22 4.9 .01150 5.3 • .04335 4.1 
Cow/S 33.69 26.6 .04663 21.6 .27268 26.0 
Lactation/C 86.81 58.5 .15732 73.0 .73077 69.8 
Table 15. (Continued) 
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Source 
Tenth month 
Sire 
C0Ï7/S 
Lactation/C 
Jersey 
First month 
Sire 
Cow/3 
Lactation/C 
Second month 
Sire 
Cow/S 
Lactation/C 
Third month 
Sire 
Cow/S 
Lactation/C 
Fourth month 
Sire 
Cow/S 
Lactation/C 
Fifth month 
Sire 
Cou/S 
Lactation/C 
Sixth month 
Sire 
Cow/S 
Lactation/C 
Seventh month 
Sire 
Covvt/S 
Lactation/C 
Eighth month 
Sire 
Cow/S 
Lactation/C 
Ninth month 
Sire 
Cow/S 
Lactation/C 
Milk 
Comp. % 
12, .46 6, .6 
45. 99 24. 4 
130. ,28 69. ,0 
3. 32 6. ,1 
17. 30 31. ,6 
34. 18 62. 4 
4. 54 9. 6 
15. 93 33. 8 
26. 67 56. 6 
92 2. 3 
13. 16 32. 9 
25. 96 64. 8 
1. 82 4. 9 
16. 27 44. 2 
18. 77 50. 9 
1.63 4.3 
18.18 47.8 
18.24 47.9 
2.11 5.8 
15.58 42.9 
13.61 51.3 
1.51 3.9 
18.18 46.6 
19.33 49.5 
1.69 4.0 
16.39 38.8 
24.13 57.2 
2.68 5.0 
16.61 31.0 
34.24 64.0 
Milk 
Comp. % 
.02120 6 .4 
.06062 18 .4 
.24858 75 .2 
.01520 8 .4 
.03829 21 .1 
.12754 70 .5 
.01149 8, .4 
.02553 18, ,7 
.09992 72, .9 
.00421 4. ,0 
.01456 13. ,9 
.08570 82, .0 
.00526 5. ,2 
.03787 37. ,5 
.05790 57. 3 
.00467 4. 5 
.03309 31. 9 
.065-34 63. 6 
.00360 3. 6 
.04137 41. 6 
.05456 54. 8 
.00835 7. 1 
.03747 32. 0 
.07137 60. 9 
.00579 5.5 
.04172 33.7 
.07544 60.9 
.00955 6.0 
.04247 26.6 
.10768 67.4 
Solids-not-fat 
Comp. % 
.09641 6.1 
.36099 22.9 
1.11691 71.0 
.03394 6.7 
.14326 23.2 
.33010 65.1 
.04071 9.7 
.11439 27.3 
.26361 63.0 
.00386 1.1 
.10545 30.1 
.24093 68.8 
.01490 4.4 
.13304 39.6 
.18849 56.0 
.01376 3.9 
.14806 41.0 
.19162 54.2 
.01693 4.9 
.13612 39.4 
.19282 55.8 
.01789 4.8 
.16510 44.2 
.19074 51.0 
.01539 3.9 
.14055 35.4 
.24107 60.7 
.02361 4.6 
.14812 28.8 
.34167 66.6 
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Table 15. (Continued) 
Source Milk Milk fat Solids-not-fat 
Comp. % Comp. % Comp. % 
Tenth month 
Sire 8.41 8.7 .02786 9.3 .07670 8.2 
Cow/S 13.43 13.9 .03452 11.6 .12109 12.9 
Lactation/C 74.48 77.3 .23677 79.1 .73822 78.9 
uernsey 
First month 
Sire 8.22 12.2 .01627 8.6 .07284 12.7 
Cow/S 6.93 10.3 .01132 6.0 .06193 10.8 
Lactation/C 52.13 77.5 .16274 85.5 .43910 76.5 
Second month 
Sire 5.19 8.0 .01384 9.6 .04595 8.7 
Cow/S 20.29 31.4 .02538 17.6 .13847 26.3 
Lactation/C 39.05 60.5 .10482 72.8 .34164 64.9 
Third month 
Sire 5.62 10.4 .00877 7.9 .04353 10.0 
Covj/S 17.05 31.4 .01904 17.1 .13513 31.0 
Lactation/C 31.55 58.2 .08331 75.0 .25711 59.0 
Fourth month 
Sire 2.41 4.8 .00154 1.6 .01578 3.9 
Cow/3 20.73 41.2 .03272 33.9 .14491 35.5 
Lactation/C 27.24 54.1 .06225 64.5 .24727 60.6 
Fifth month 
Sire 2.82 5.5 .00015 0.2 .01685 4.0 
Cow/S 12.19 23.9 -.00604 0.0 .07636 17.9 
t ^ ^ ^ m — / 
ww* u jl'uil/ s/ 36.09 70.6 .09989 99.8 .33287 78.1 
Sixth month 
Sire 4.68 9.5 .00455 4.5 .03857 9.1 
Cow/S 15.38 31.1 .01600 15.8 .11779 27.8 
Lactation/C 29.38 . 59.4 .08035 79.6 .26814 63.2 
Seventh month 
Sire 2,92 5.8 .00245 2.2 .02390 5.4 
Cow/3 15.53 31.0 .02476 22.5 .12208 27.6 
Lactation/C 31.71 63.2 .08265 75.2 .29619 67.0 
Eighth month 
Sire 4.14 7.0 .00750 5.4 .03236 6.3 
Cow/S 15.05 25.2 .02389 17.2 .12848 25.1 
Lactation/C 40.43 67.8 .10739 77.4 .35158 68.6 
Ninth month 
Sire 6.80 8.6 .01588 8.4 .05645 8.2 
Cow/S 22.74 28.6 .04613 24-3 .18327 26.7 
Lactation/C 49.87 62.8 .12734 67.3 .44768 65.1 
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Teble 15. (Continued) 
Source 
Tenth month 
Sire 
Cow/S 
Lactation/C 
Ayrshire 
First month 
Sire 
Cow/S 
Lactation/C 
Second month 
Sire 
Cow/3 
Lactation/C 
Third month 
Sire 
Cow/S 
Lactation/C 
Fourth month 
Sire 
Cow/S 
Lactation/C 
Fifth month 
Sire 
Covj/S 
Lactation/C 
Sixth month 
Sire 
Cow/3 
Lactation/C 
Seventh month 
Sire 
Cow/S 
Lactation/C 
Eighth month 
Sire 
Cow/S 
Lactation/C 
Ninth month 
Sire 
Cow/S 
Lactation/C 
Milk 
Comp. % 
9.73 8.3 
14.71 12.5 
93.22 79.2 
3.55 3.9 
32.59 36.0 
54.42 60.1 
2.52 3.0 
26.87 32.3 
53.83 64.7 
.96 1.3 
21.82 29.8 
50.44 68.9 
.40 0.6 
17.41 25.8 
49.59 73.6 
-.1.08 0.0 
17.35 26.3 
48.70 73.7 
- 2 . 1 1  0 . 0  
24.83 34.6 
46.96 65.4 
.25 0.3 
8.70 10.0 
78.13 89.7 
2.28 2.7 
33.37 39.7 
48.49 57.6 
3.41 3.1 
30.43 27.7 
75.91 69.2 
Milk fat 
Conp. % 
.01848 6.1 
.03939 13.1 
.24315 80.8 
.01035 5.6 
.03241 17.7 
.14040 76.6 
.00567 3.6 
.01253 8.0 
.13943 88.4 
.00119 0.9 
.01979 15.6 
.10574 83.4 
.00294 2.7 
.02247 20.4 
.08457 76,9 
-.00122 0. 0 
.02936 26. 9 
.07990 73. 1 
-.00373 0. 0 
.04632 40. 6 
.06777 59. 4 
-.00002 0. 0 
.00114 0. 7 
.15413 99. 3 
.00163 1. 2 
.05602 40. 2 
.08176 58. 6 
.00759 4.2 
.04120 22.9 
.13094 72.9 
Solids-not-fat 
Corap. % 
.07584 7.4 
.12981 12.7 
.81899 79.9 
.02888 4.4 
.20303 31.1 
.42172 64.5 
.02270 3.8 
.17458 29.1 
.40187 67.1 
.00979 1.8 
.14579 27.1 
.38263 71.1 
.00468 0.9 
.13658 27.0 
.36520 72.1 
-.00809 0.0 
.13855 27.0 
.37413 73.0 
-.01361 0.0 
.20247 36.4 
.35381 63.6 
- .00081 0 .0  
.08027 12.1 
.58419 87.9 
.01123 1.7 
.26019 40.2 
.37617 58.1 
.01958 2.4 
.21759 26.1 
.59755 71.6 
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Table 15. (Continued) 
Source Milk Milk fat Solids-not-fat 
Corap. % Coiap, % Comp. % 
Tenth month 
Sire 4.86 3.3 .01327 5.3 .02525 2.3 
Cow/S 27.38 18.8 .04849 19.4 .20456 13.5 
Lactation/O 113.40 77.9 .18799 75.3 .87827 79.3 
Milking Shorthorn 
First month 
Sire 3.29 4.0 .00790 4.5 .00138 0.2 
Cow/S 8.01 9.8 -.00565 0.0 .04332 7.0 
Lactation/C 70.03 85.1 .16775 95.5 .57140 92.8 
Second month 
Sire 3.69 5.6 .00429 3.7 .01549 3.1 
Cow/S 21.09 32.3 .02594 22.3 .14375 29.0 
Lactation/C 40.58 62.1 .08615 74.0 .33732 67.9 
Third month 
Sire 3.78 6.3 .00556 5.2 .03370 7.0 
Cow/S 16.80 28.1 .02043 19.2 .10879 22.7 
Lactation/C 39.11 65.5 .08066 75.6 .33659 70.3 
Fourth month 
Sire .09 0.2 -.00325 0.0 -.00506 0.0 
Cow/S 20.98 43.5 .03314 37.5 .16866 40.0 
Lactation/C 27.15 56.3 .05518 62.5 .25255 60.0 
Fifth month 
Sire 1.05 2.3 .00037 0.6 .00456 1.2 
Cow/S 15.02 32.5 .01837 28.0 .11808 30,8 
Lactation/C 30.15 65.2 .04690 71.4 .26071 68.0 
Sixth month 
Sire 1.74 3.9 .00096 1.3 .01321 3.5 
Cow/S 17.61 39.0 .03153 42.3 .14105 37.1 
Lactation/C 25.80 57.1 .04219 56.4 .22557 59.4 
Seventh month 
Sire 4.31 S.l .00432 5.6 .03676 8.2 
Cow/S 15.75 29.5 .01534 20.0 .14432 32.4 
Lactation/C 33.33 62.4 .05712 74.4 .26444 59.4 
Eighth month 
Sire 4.80 7.0 .00258 2.5 .03781 6.8 
Cow/S 23.58 34.4 .03872 38.2 .17230 30.9 
Lactation/C 40.15 58.6 .06008 59.3 .34693 62.3 
Ninth month 
Sire 5.73 5.1 .00352 2.2 .03731 4.3 
Cow/S 20.48 18.3 .02193 13,6 .21733 25.0 
Lactation/C 85.87 76.6 .13582 84.2 .61592 70.8 
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Table 15. (Continued) 
Source Milk Milk fat Solids-not-fat 
Comp. % Gomp. % Comp % 
Tenth month 
Sire 
Cow/S 
Lactation/C 
11.95 7.8 .00993 4.5 .15526 12.8 
29.39 19.1 .04852 22.0 .11964 9.2 
112.33 73.1 .15157 73.4 1.00925 78.0 
Repeatabilities and heritabilities of cumulative production 
The components of variance for cumulative production are shown in 
Table 16. The components increase in size as the record is accumulated. 
To be used as the variance of cumulated records, the components in Table 
16 must be multiplied by the square of 30.5 since the data were daily 
observations rather than total monthly production. Average total monthly 
production is the product of the daily yield and the average number of 
days, 30.5. With the addition of the production from the second test 
day, the sire component increases relatively more than do the others. 
This trend does not continue, however. 
The estimates of heritability and repeatability are given in Table 
17. For most breeds and traits there is a slight increase in heritabil­
ity from the first month to the sum of the first two months. This is, 
of course, the same increase seen in the percentage of total variance at­
tributed to differences between sires. Following the second month, the 
heritability of cumulative production decreases. Van Vleck and Render-
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Table 16. Conponents of variance for cumulative production 
Source Milk 
Comp.a 
Milk fat 
Coiap, 
Holstein 
Through first month 
Sire 6.37 4.7 
Cow/S 28.05 20.8 
Lactation/C 100.19 74.4 
Through second month 
Sire 22.65 5.2 
Cow/S 132.23 30.0 
Lactation/C 284.75 64.8 
Through third month 
Sire 44.73 5.0 
Cow/S 307.14 34.6 
Lactation/C 535.21 60.3 
Through fourth month 
Sire 70.52 4.8 
Cow/S 555.48 38.0 
Lactation/C 833.86 57.1 
Through fifth month 
Sire 97.50 4.6 
Cow/S 871.64 40.8 
Lactation/C 1168.97 54.7 
Through sixth month 
Sire 125.69 4.3 
Cow/S 1252.42 42.7 
Lactation/C 1557.72 53.1 
Through seventh month 
Sire 157.68 4.1 
Cow/S 1687.49 43.9 
Lactation/C 1999.42 52.0 
Through eighth month 
Sire 194.11 4.0 
Cow/3 2175.43 44.6 
Lactation/C 2510.95 51.4 
Through ninth month 
Sire 239.25 3.9 
Cow/S 2735.33 44.7 
Lactation/C 3142.69 51.4 
.01425 
.05222 
.21761 
.03981 
.18137 
.54973 
.06941 
.37712 
.93080 
.10008 
.66303 
1.34134 
.13279 
1.02683 
1.78564 
.21291 
1.98372 
2.86117 
5.0 
13.4 
76.6 
5.2 
23.5 
71.3 
5.0 
27.4 
67.6 
4.8 
31.5 
63.7 
4.5 
34.9 
60 .6  
.16956 4.3 
1.46852 37.4 
2.29041 58.3 
Solids-not-f^  
Co»?, % 
4.2 
39.2 
56.6 
.26740 4.2 
2.55482 40.1 
3.54948 55.7 
.32875 4.1 
3.22367 40.5 
4.40836 55.3 
.04399 
.17437 
.76714 
.92367 
11.18895 
14.82362 
1.40462 
18.44647 
23.44296 
4.5 
17.7 
77.8 
.14676 4.7 
.83843 26.7 
2.15116 68.6 
.28070 
1.95417 
4.01780 
.43321 
3.57867 
6.19138 
.59303 
5.67137 
8.65908 
4.5 
31.2 
64.3 
4.2 
35.1 
60.7 
4.0 
38.0 
58.0 
.75141 3.7 
8.23952 40.2 
11.51638 56.2 
3.4 
41.5 
55.0 
1.13414 3.3 
14.53303 42.3 
18.67757 54.4 
3.2 
42.6 
54.2 
C^omponent expressed on a daily weight basis 
P^ercent of total variance 
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Table 15. (Continued) 
Source Milk Milk fat 
Comp. % Comp. % 
Through tenth month 
Sire 300 ,12 3 .9 ,40915 4.1 
Cow/S 3345 .37 43 .9 3.98447 40.1 
Lactation/C 3975 .06 52 .2 5 1.53979 55.8 
rotra Swiss 
Through first month 
Sire 11 .34 9 .3 ,02785 10.1 
Cow/S 17 .53 14 .3 .02436 8.9 
Lactation/C 93 .45 76 .4 ,22260 81.0 
Through second month 
Sire 39 .43 9 .8 .07409 10.1 
Cow/S 91 .72 22 .9 ,10669 14.6 
Lactation/C 269 .62 67 .3 ,55081 75.3 
Through third month 
Sire 68 .34 8 .8 ,10463 8.1 
Cow/S 238 .92 30 .6 .23204 17.9 
Lactation/C 473 .62 60, .6 .96124 74.1 
Through fourth month 
Sire 93, ,17 7, .4 ,11501 5.9 
Cow/S 435 .26 34, .4 .44873 23.0 
Lactation/C 735, ,35 58. 2 1 .38867 71.1 
Tlirough fifth month 
Sire 107. ,13 5. ,7 .11445 4.1 
Cow/S 702. ,74 37. .6 .71778 25.8 
Lactation/C 1058. ,45 56. ,6 1 ,94447 70.0 
Through sixth month 
Sire 128. ,09 5. ,0 ,12806 3,4 
Cow/S 1004. ,30 39. ,3 1 ,03239 27.6 
Lactation/C 1421. 20 . 55. .6 2 .57923 69.0 
Through sevent ;h month 
Sire 139, 46 4. 2 ,12540 2.6 
Cow/S 1373. 27 41, 2 1 .44697 29.9 
Lactation/C 1321. 87 54. 6 3 ,25979 67.5 
Through eighth month 
Sire 152. 35 3. 6 ,13040 2.1 
Cow/3 1830. 17 43. 2 1 -95491 31.9 
Lactation/C 2252, 77 53. 2 4 .04278 56.0 
Through ninth month 
Sire ISO, 13 3. 0 .13602 1.8 
Cow/S 2329. 98 44. 2 2 .62938 34.3 
Lactation/C 2787. 24 52. 8 4, .90595 64.0 
Solids-not-fat 
Comp. % 
1.78902 3 .3 
22.72605 41, .9 
29.74300 54, .8 
.09117 9. ,3 
.13446 13. ,7 
.75520 77. ,0 
.29822 9, ,7 
.68315 22. ,3 
2.08706 68. 0 
.50631 8. 5 
1.77689 29. 8 
3.67138 61. 7 
.66485 6. 8 
3.36900 34. 5 
5.74123 58. 7 
.71473 4. 9 
5,44974 37. 5 
8,37297 57. 6 
,86096 4. 3 
7.85310 39. 2 
11.29951 56. 5 
.91989 3.5 
10.80070 40,9 
14.67107 55.6 
.98998 2.9 
14.44163 42.7 
18.37334 54.4 
.99975 2.4 
18.44690 43,5 
22.96872 54,2 
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Table 16. (Continued) 
Source _Mil^ __ Milk f Solid^ --not-fi 
Comp. 7o Comp, % Comp. % 
Through tenth month 
Sire 200.99 3.1 .18434 1.9 1.28397 2.4 
Cow/S 2874.07 44.0 3.29785 34-4 22.88317 43.3 
Lactation/C 3463.15 53.0 6.13677 63.7 28.70103 54.3 
Jersey 
Through first month 
Sire 3.32 6.1 .01520 8.4 .03394 6.7 
Cow/S 17.30 31.6 .03329 21.i .14326 28.2 
Lactation/C 34.18 62.4 .12764 70.5 .33010 65.1 
Through second moath 
Sire 15.87 9.1 .05326 10.6 .14308 9.4 
Cow/S 62.57 35.0 .12625 25.2 .48879 31.2 
Lactation/C 95.34 54.9 .32151 54.2 .93226 59.4 
Through third month 
Sire 23.55 7.6 .08538 9.8 .22588 7.6 
Cow/S 135.54 40.0 .25366 29.0 1.05908 35.4 
Lactation/C 177.33 52.4 .53513 61.2 1.70265 57.0 
Through fourth I month 
Sire 38.40 7.1 .11982 9.1 .33035 7.0 
Cow/S 233.63 43.2 .44909 34.1 1.81981 38.4 
Lactation/C 263.51 49.7 .74638 56.8 2.59414 54.7 
Through fifth month 
Sire 49.94 6.3 .15131 8.7 .43093 6.2 
Cow/S 372.87 47.2 .68101 36.8 2.92175 42.0 
Lactation/C 368.09 46.5 1.00753 54.5 3.59489 51.7 
Through sixth month 
Sire 62.67 5.8 .19918 8.0 .53393 5.7 
Cow/S 519.55 48.5 .99488 40.2 4.11788 43.4 
Lactation/C 489.83 45.7 1.27938 51.7 4.82299 50.9 
Through seventh month 
Sire 72.92 5.2 .24367 7.4 .64824 5.2 
Cow/S • 695.86 49.3 1.34980 41.2 5.63044 44.8 
Lactation/C 643.72 45.6 1.67875 51.3 6.29721 50.1 
Through eighth mon th 
Sire 78.67 4,4 .25925 6.2 .70325 4.4 
Cow/S 897.20 49.7 1.80002 42.8 7.34538 45.5 
Lactation/C 828.46 45.9 2.15000 51.1 8.10790 50.2 
Through ninth : month 
Sire 92.11 4.1 .29254 5.5 .83809 4.1 
Cow/3 1082.82 47.8 2.21619 41.6 8.96131 43.9 
Lactation/C 1089.30 48.1 2.81322 52.9 10.59943 52.0 
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Table 16. (Continued) 
Source Milk Milk fat Solids--not-fat 
Corap. % Cornp. % Comp. % 
Through tenth month 
Sire 117.03 4.1 .37092 5.4 1.11979 4.3 
Cow/S 1274.87 44.9 2.65231 38.9 10.55581 40.8 
Lactation/C 1448.61 51.0 3.78997 55.6 14.16672 54.8 
Guernsey 
Through first month 
Sire 8.22 12.2 .01627 8.6 .07284 12.7 -
Covr/S 6.93 10.3 .01132 6.0 .06193 10.8' 
Lactation/C 52.13 77.5 .16274 85.5 .43910 76.5 
Through second month 
Sire 26.30 11.5 .05684 10.7 .23345 12.3 
Cow/S 56.15 24.5 .09935 18.6 .42494 22.4 
Lactation/C 146.43 64.0 .37682 70.7 1.23572 65.2 
Through third month 
Sire 49.55 11.0 .09244 9.8 .42855 11.6 
Cow/S 127.14 28.1 .20079 21.3 .96102 26.1 
Lactation/C 275.35 60.9 .65096 68.9 2.29791 62.3 
Through fourth month 
Sire 72.13 9.7 .12325 8.5 .61246 10.2 
Cow/3 241.12 32.4 .36800 25.4 1.78058 29.6 
Lactation/C 430.21 57.9 .95592 66.1 3.62095 60.2 
Through fifth month 
Sire 96.16 8.9 .14115 7.0 .79892 9.1 
Cow/S 369.08 34.0 .48360 24.0 2.66883 30.5 
Lactation/C 619.13 57.1 1.38670 68.9 5.28498 60.4 
Through sixth month 
Sire 130.93 8.9 .15638 5.8 1.07937 9.0 
Cow/S 520.45 35.2 .68524 25.5 3.79238 31.7 
Lactation 825.68 55.9 1.84141 68.6 7.10293 59.3 
Through seventh month 
Sire 159.47 8.3 .16045 4.6 1.31280 8.4 
Cow/3 . 686.72 35.8 .92620 26.6 5.06520 32.4 
Lactation/C 1069.76 55.8 2.39705 68.8 9.26550 59.2 
Through eighth month 
Sire 193.90 8.0 .13170 4.1 1.58500 7.9 
Cow/S 870.82 35.8 1.18691 26.7 6.48037 32.4 
Lactation/C 1367.67 56.2 3.07412 69.2 11.90291 59.6 
Tlirough ninth month 
Sire 230.97 7.6 .21721 3.9 1.87024 7.5 
Cow/S 1090.37 36.0 1.46424 26.3 8.12664 32.6 
Lactation/C 1704.26 56.3 3.88656 69.8 14.96391 60.0 
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Table 16. (Continued) 
Source Milk 
Conp. % 
Milk fat 
Comp, % 
2187.01 
3.55 
32.59 
54.42 
Through tenth month 
Sire 272.02 
Cow/S 1275.02 
Lactation/C 
Ayrshire 
Tlirough first month 
Sire 
Cou/S 
Lactation/C 
Through second month 
Sire 11.69 
Cou/S 111.48 
Lactation/C 170.92 
Tlirough third month 
Sire 23.32 
Cow/S 225.13 
Lactation/C 339.85 
Through fourth month 
Sire 31.83 
Cow/S 343.92 
Lactation/C 570.32 
Through fifth month 
Sire 33.99 
Cow/S 502.99 
Lactation/C 835.09 
Through sixth month 
Sire 26.65 
Cow/3 710.95 
Lactation 1166.38 
Through seventh month 
Sire 15.24 
Cow/S 945.03 
Lactation/C 1558.42 
Through eighth month 
Sire 9.96 
Cow/S 1242.38 
Lactation/C 1985.00 
Througli ninth month 
Sire 9.65 
Cow/3 1613.06 
Lactation/C 2476.83 
7.3 .28812 4.1 
34.2 1.71287 24.4 
58.6 5.03441 71.6 
3.9 .01035 5.6 
36.0 .03241 17.7 
60.1 .14040 76.6 
4.0 .02884 5.4 
37.9 .10722 19.9 
58.1 .40240 74.7 
4.0 .04497 4.5 
38.3 .20148 20.4 
57.8 .74382 75.1 
3.4 .07158 4.8 
36.4 .31514 21.0 
60.3 1.11389 74.2 
2.5 .08176 3.9 
36.6 .51057 24.1 
60.9 1.52264 72.0 
1.4 .07435 2.6 
37.3 .79106 27.5 
61.3 2.01528 70.0 
0.6 .06477 1.7 
37.5 1.11185 29.3 
61.8 2.62255 69.0 
0.3 .04389 0.9 
38.4 1.55725 32.0 
61.3 3.26655 67.1 
0.2 .04152 0.7 
39.4 2.07110 33.6 
60.3 4.04818 65.7 
Solid.'3-not-faî 
Coinp. 
2.22434 7.2 
9.54950 30.8 
19.24422 62.0 
.02888 4.4 
.20303 31.1 
.42172 64.5 
.09932 4.7 
.66443 31,6 
1.34085 63,7 
.20243 
1.36117 
2.64902 
4.8 
32.3 
62.9 
.28082 4.1 
2.18787 32.3 
4.31425 63.6 
.30045 3.0 
3.31005 33.4 
5.30564 63.6 
.22917 1.6 
4.90212 35.4 
8.73292 63.0 
.12547 0.7 
5.59053 35.2 
11.65259 63.1 
.02925 0.1 
8.98246 37.5 
14.92465 52.4 
-.03635 0.0 
11.77652 38.5 
18.77757 61.5 
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Table 16. (Continued) 
Source Milk 
Comp 7o 
Milk : 
Coup. 
fat 
% 
Solids-
Corap. 
-not-fi 
% 
Through tenth month 
Sire 22.32 0 .4 .06237 0.8 -.03052 0.0 
Cow/S 2041.29 39 .8 2 .68255 34.8 14 .70575 38.6 
Lactation/C 3060.38 59 .7 4 .97268 64.4 23 .43639 61.4 
Milking Shortho: en 
Through first month 
Sire 3.29 4 .0 .00790 4.5 .00138 0.2 
CO\7/3 8.01 9 .8 -.00565 0.0 .04332 7.0 
Lactation/C 70.03 86 .1 .16775 95.5 .57140 92.8 
Through second m^ nth 
Sire 13.42 5 .5 .02600 5.8 .03677 2.0 
Cow/S 57.37 23 .4 .05079 11.4 .38198 20.6 
Lactation/C 174.86 71 .2 .36858 82.8 1 .43544 77.4 
Through third mon th 
Sire 24.57 5 .2 .03533 4.3 .08740 2.4 
Cow/S 150.40 31, .5 .13053 15.9 1 .06912 29.4 
Lactation/C 302.63 63 .4 .65344 79.8 2 .47461 68.2 
Through fourth month 
Sire 32.56 4. 4 .02059 1.7 .08091 1.4 
Gov/3 285.55 38, .3 .34097 27.9 2 .12603 36.8 
Lactatioa/C 427.75 57, .3 .86210 70.4 3 .56589 61.8 
Through fifth month 
Sire 42.14 4. ,0 .00958 0.6 .10293 1.3 
Cow/S 449.44 43. ,1 .53332 32.8 3, .36950 41.3 
Lactation/C 552.04 52. ,9 1 .08097 65.6 4, .68244 57.4 
Through sixth month 
Sire 45.39 3. 3 -.01898 0.0 .06273 0.6 
Cow/S 629.45 46. 1 .82592 39.4 4. 76906 44.4 
Lactation/C 691.70 50. 6 1 .27142 60.6 5. 91446 55.0 
Through seventh month 
Sire 60.56 3. 4 -.02281 0.0 ,16158 1.2 
Cow/3 805.47 45. 9 1 .03813 39.8 6. ,15241 44.0 
Lactation/C 889.87 50. 7 1 .57146 60.2 7. ,66399 54.8 
Through eighth month 
Sire 89.17 4. Q -.02235 0.0 37299 2.1 
Cow/S 1002.15 44. 9 1 .29384 40.0 7. 55753 42.2 
Lactation/C 1141.52 51. 1 1, .94151 60.0 9. 99918 55.8 
Through ninth mon th 
Sire 134.48 4, 7 .02874 0.0 66865 2.9 
Cow/S 1151.75 40. 2 1, .49684 36.6 8. 98508 39.2 
Lactation/C 1577.04 55. 1 2, .58839 53.4 13: •28810 57.9 
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Table 16. (Continued) 
Source Milk Milk fat Solids-not-fat 
Com?. % Coap. % Corap. % 
Through tenth month 
Sire 180.46 4.9 -.03255 0.0 1.35182 4.6 
Cow/S 1363.12 36.9 1.75925 34.3 10.59081 35.7 
Lactation/C 2148.65 53.2 3.37035 65.7 17.69965 59.7 
son (1961) do not report this trend; nor do Lamb and McGilliard (1967) 
who report still another trend. There is no apparent reason for such 
discrepancies; the differences are not small. In a few instances, the 
total record is slightly more heritable than cumulative ninth month. 
However, this is not significant. 
The repeatabilities follow another trend. The first month is most 
lowly repeatable, but the eighth or ninth cumulative month has the high­
est repeatability for most breeds and traits. Some theoretically im­
possible situations occur in the early months of lactation when the 
heritability estimate is higher than the repeatability. This appears to 
be a result of sampling variance. The repeatabilities follow the same 
pattern as Van Vle'ck and Henderson (1961) report, but are slightly 
smaller. Lamb and McGilliard (1967) also found the same trends. Tlie 
repeatability of milk fat yield was consistently less in all three stud­
ies than that of milk yield. For all breeds but Holsteins, the estimates 
of repeatability for SNF are higher than the corresponding ones for milk 
fat. 
Table 17. Heritabilities and repeatabilities from paternal half-sib analyses of cumulative production 
Breed Months Milk Milk fat Solids-not-fat 
i;umui.aLeu 
Her. s .e.a Rep. s .e. Her. s .e. Rep. s .e. Her, s. e. Rep. s .e. 
Holstein 
1 .189^  .021 .256 .018 .201 .022 .234 .019 .179 .021 .222 .019 
2 .206 .022 .352 .017 .207 .022 .287 .018 .187 .021 .314 .018 
3 .202 .022 .397 .017 .202 .022 .324 .017 .180 .021 .357 .017 
4 .193 .022 .429 .016 .190 .022 .363 .017 .170 .021 .393 .017 
5 .182 .022 .453 .016 .180 .022 .394 .017 .159 .021 .420 .016 
6 .171 .022 .469 .016 .173 .021 .417 .016 .147 .020 .438 .016 
7 .164 .021 .480 .016 .168 .021 .434 .016 .137 .020 .450 .016 
8 .159 .021 .486 .015 .168 .021 .443 .016 .132 .020 .456 .016 
9 .156 .021 .486 .015 .165 .021 .447 .016 .130 .020 .459 .016 
10 .158 .021 .478 .016 .165 .021 .442 .016 .132 .020 .452 .016 
Brown Swiss 
1 .371 .104 .236 .069 .405 .107 .190 .072 .372 .104 .230 .070 
2 .394 .108 .327 .065 .405 .108 .247 .069 .389 .108 .320 .065 
3 .350 .105 .393 .061 .322 .100 .259 .068 .340 .104 .383 .062 
4 .295 .100 .418 .060 .236 .091 .289 .066 .272 .098 .413 .060 
5 .229 .094 .433 .059 .165 .084 .300 .065 .197 .090 .424 .059 
6 .201 .091 .443 .059 .137 .082 .310 .065 .172 .088 .435 .059 
7 .167 .088 .454 .058 .104 .079 .325 .064 .139 .085 .444 .058 
8 .144 .086 .468 .057 .085 .078 .341 .063 .117 .083 .456 .058 
9 .121 .083 .472 .057 .071 .076 .360 .062 .094 .081 .458 .058 
10 .123 .084 .470 .057 .077 .077 .363 .062 .097 .081 .457 .058 
S^tandard error of estimates, according to Dickerson (1960) 
F^irst month values computed from analyses of restricted data 
Table 17. (Continued) 
Breed Months Milk 
cumulated 
Her. s.e. Rep. s.e. Her. 
Jersey 
1 .242 
2 .365 
3 .302 
4 .284 
5 ,253 
6 .234 
7 .207 
8 .174 
9 .163 
10 .155 
Guernsey 
1 .489 .147 .225 .093 .342 
2 .460 .148 .360 .083 .427 
3 .438 .146 .391 .081 .392 
4 .388 .142 .421 .079 .340 
5 .355 .138 .429 .078 .281 
6 .355 .138 .441 .077 .233 
7 .333 .136 .442 .077 .184 
8 .319 .134 .438 .077 .164 
9 .305 .133 .437 .077 .156 
10 .291 .131 .414 .079 .164 
.099 .376 .072 .336 
.113 .451 .068 .425 
.107 .476 .066 .391 
.106 .503 .•054 .364 
.103 .535 .062 .349 
.101 .543 .062 .322 
.098 .544 .062 .298 
.095 .541 .062 .246 
.094 .519 .063 .220 
.093 .490 .065 .218 
Milk fat Solids-not-fat 
s.e. Rep. s.e. Her. s.e. Rep. s.e. 
,107 .295 .078 .268 .101 .349 .074 
.117 .358 .074 .377 .113 .406 .071 
.114 .388 .072 .302 .106 .430 .069 
.112 .433 .069 .279 .104 .453 .067 
.111 .455 .067 .248 .101 .483 .065 
.109 .433 . 066 .227 .100 .491 • .065 
.107 .487 .065 .206 ,098 .499 .064 
.101 .489 .065 .174 ,094 .498 .064 
.098 .471 ,062 .164 .093 .480 .065 
.098 .444 .068 .173 .093 .452 .067 
.129 .145 .098 .508 .150 .235 .092 
.142 .293 .088 .493 .151 .348 .084 
.139 .311 ,086 .465 .149 .377 .082 
.134 .339 ,084 • .407 .143 .398 .080 
.127 .311 .086 .365 .138 .396 .080 
.122 .314 .085 .361 .138 .407 .080 
.116 .312 .085 .336 .135 .408 .079 
.114 .308 .036 .318 .133 .404 .080 
.113 .302 .086 .300 .131 .401 .080 
.113 .284 .087 .237 .129 .380 .081 
Table 17. (Continued) 
Breed Months Milk 
cumulated — -
Her. s.e. Rep. s.e. Her. 
Ayrshire 
1 .157 .105 .399 .074 .226 
2 .159 .106 .419 .073 .214 
3 .159 .106 .422 .073 .182 
4 .135 .102 .397 .074 .191 
5 .099 .097 .391 .075 .155 
6 .056 .091 .337 .075 .103 
7 .026 .087 .382 .075 .068 
8 .012 .085 .387 .075 .036 
9 .009 .085 .397 .074 .027 
10 .017 .035 .403 .074 .032 
Milking Shorthorn 
1 .152 .151 .139 .124 .186 
2 .219 .181 .288 .113 .233 
3 .206 .183 .366 .108 .173 
4 .175 .180 .427 .105 .067 
5 .152 .180 .471 .103 .024 
6 .133 .176 .494 .101 
-.037 
7 .138 .177 .493 .101 -.035 
8 .160 .131 .489 .102 -.028 
9 .183 .184 .449 .104 -.028 
10 .195 .184 .418 .106 -.026 
Milk fat 
s.e. Rep. s.e. 
.111 .233 .084 .177 .107 .355 .077 
.109 .253 .083 .189 .109 .363 .076 
.105 .249 .084 .192 .110 .371 .076 
.106 .258 .083 .166 .106 .364 .076 
.102 .280 .081 .121 .100 .364 .076 
.095 .300 .080 .066 .092 .370 .076 
.091 .310 .079 .027 .087 .369 .076 
.087 .329 .078 .005 .084 .376 .075 
.086 .343 .077 -.005 .083 .385 .075 
.087 .356 .076 -.003 .083 .385 . 075 
.164 
.177 
.167 
.153 
.147 
. 140 
.140 
.142 
.139 
.139 
.013 
.172 
. 202  
.295 
.334 
.383 
.393 
.396 
.362 
.339 
.135 
.122 
.119 
.112 
.110 
.106 
.106 
.106 
.108 
.109 
.009 
.079 
.096 
.056 
.050 
.023 
.046 
.083 
.117 
.182 
.130 
.151 
.160 
.156 
.158 
.154 
.158 
.164 
.169 
.180 
.073 
.226  
.319 
.382 
.426 
.450 
.452 
.442 
.421 
.403 
.129 
.117 
.111 
.107 
.104 
.103 
.103 
.104 
.105 
.106 
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Correlations among single months, cumulative production, and total 
production 
Although the estimates of repeatability from intraclass correlations 
in Table 5 reflect the average correlations among months of a lactation, 
there are differences in the product-moment correlations among individual 
months. If specific months are to be predicted, the appropriate corre­
lations from Table 18 would give a more precise estimate of the relation­
ship than would the repeatabilities in Table 5. In all breeds and 
traits the most highly correlated yields are those for adjacent months. 
The further separated that two months are, the lower the correlation, 
whether phenotypic or genetic. The phenotypic correlations between 
adjacent months range from 0.60 to 0.85. There is a tendency for the 
adjacent months of mid lactation to be more highly correlated than 
those near the ends of the lactation. The lowest phenotypic correla­
tion is about 0.10 between the first and tenth months. 
Genetic correlations were calculated from the paternal half-sib 
analyses, as shown by Hazel (1943). They are quite erratic for the 
breeds with fewer observations. The discussion of the genetic corre­
lations will be restricted to the Hoistein data. There is no indica­
tion of differences among the phenotypic correlations of the different 
breeds. Therefore, there is no reason to expect differences in the gen­
etic correlations. 
The genetic correlations between adjacent months do not dccline 
as the lactation nears its end. This is in agreement with Van Vleck . 
and Henderson (1961) and other reports. Searle (1961) is the only one 
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to report such a decline. The genetic correlations are higher than 
the corresponding phenotypic correlations, with most of them ranging 
from 0.80 to 0.97. The genetic correlations among nonadjacent months 
follow the same pattern as the phenotypic correlations. Their decline, 
as the number of intervening months increases, is greater than that for 
phenotypic correlations. In fact, the correlations between the milk 
yields of the first and tenth, and second and tenth months are negative. 
Negative genetic correlations also occur in other combinations of months 
for milk fat and SNF yields. The significance of the negative signs 
is questionable when considering the size of the estimates of standard 
errors shown in Table 19. However, it does indicate that production in 
early lactation is very lowly or negatively correlated genetically, 
with production in late lactation. 
If the negative values for genetic correlation are real, there are 
some implications from this. One implication might be that there are 
different genes controlling production in early and late lactation. 
Another closely related implication is that thera is a negative relation 
between persistency, as measured by high production in late lactation, 
and high initial production. Although there have been reports showing 
low correlations, most of them have positive signs. 
The sensitivity to sampling error when estimating genetic corre­
lations is shown in the erratic values presented for all breeds other 
than Ilolsteins in Table 18. The occurrence of negative estimates of 
components for the sire variances in many cases prevented abtaining 
values for the genetic correlations in the usual manner. 
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Tabla 13. Correlations anong yields foc siagls months and between single 
months and lactation totals 
Month 
1 
Month of _lacta 
6 
tion 
7 8 9 
Total 
2 3 4 5 10 
Hoi3tein - Milk 
1 .865^ .765 .656 .521 .415 .328 .196 .074 -.010 .602 
2 .704 .941 .813 .637 .465 .330 .200 .071 -.035 .653 
3 .612 .804 .959 .810 .652 .549 .366 .189 .062 .773 
. 4 .552 .742 .829 .946 .820 .677 .514 .331 .182 .850 
5 .491 .673 .765 .836 .929 .831 .693 .515 .296 .889 
6 .446 .617 .710 .781 .849 .966 .857 .691 .471 .914 
7 .391 . 549 .644 .717 .792 .861 .954 .804 .582 .895 
8 .317 .466 .561 .631 .706 .775 .853 .933 .770 .849 
9 .223 .360 .450 .503 .579 .640 .719 .835 .950 .756 
10 .128 .246 .320 .358 .411 .460 .520 .622 ,755 .608 
.Total .602 .761 .827 .856 .877 .884 .873 .854 .782 .644 
Holstein , - î-lilk fat 
1 .827 .619 .436 .332 .195 .118 .051 -.102 -.107 .462 
2 .633 .877 .737 .572 .476 .315 .294 .061 -.028 .667 
3 .527 .668 .911 .791 .634 .538 .441 .221 .101 .778 
4 .472 .613 .705 .931 .792 .707 .613 .424 .258 .858 
5 .417 .556 .642 .735 .972 .877 .738 .605 .326 .903 
6 .380 .507 .500 .677 .767 .956 .879 .718 .480 .898 
7 .338 .450 .542 .620 .713 .794 .969 .846 .548 .875 
8 .285 .398 .488 .553 .646 .716 .796 .958 .740 .876 
9 .205 .315 .404 .453 .536 .598 .669 .787 .931 .756 
10 .133 .219 .292 .332 .382 .428 .469 .561 .708 .597 
Total ,593 .709 .766 .798 .825 .835 .828 .817 .760 .630 
Holstein - Sol .ids-no it-fat 
1 .852 .747 .595 .427 .266 .147 .040 -.067 -.131 .493 
2 .696 .930 .768 .564 . 344 .162 .055 -.060 -.148 .557 
3 .605 .776 .955 .802 .606 .460 .286 .127 -.003 .743 
4 .540 .708 .801 . 934 .799 .603 .442 .286 .138 .826 
5 .480 .642 .737 .815 .926 .799 .655 .503 .272 .882 
6 .432 .584 .632 .758 .829 .950 .840 .692 .452 .900 
7 .381 .519 .619 .695 .775 .848 .959 .828 .577 .868 
S .313 .445 . 544 .617 .696 .768 .844 .929 .747 .824 
9 .225 .347 .440 .497 .576 .639 .711 .823 .952 .753 
10 .133 .237 .314 .354 .407 .458 .509 .602 .739 .596 
Total .600 .741 .811 .843 .867 .875 .869 .848 .783 .645 
^Genetic correlations above the di-açonal; phenotypic correlations ' below 
diagonal 
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Table 18. (Continued) 
Month Month of lactation ; Total 
1 2 3 4 5 6 7 8 9 10 
Brown Swiss - Milk 
1 .791 .629 .480 1.042 .196 -.052 -.245 -.533 -.421 .404 
2 .740 .813 .791 1.578 .392 .115 -.058 -.211 -.077 .693 
3 .628 .794 .854 1.514 .627 .231 -.057 -. 080 .150 .768 
4 .548 .702 .801 1.713 .876 .502 .445 .190 .319 .937 
5 .507 .665 .763 .859 1.815 1.109 .703 -.304 .306 1.536 
6 .428 .586 .688 .805 .867 .933 .760 .404 .509 .909 
7 .372 .523 .616 .733 .803 .857 .939 .457 .369 .648 
8 .273 .444 .532 .554 .731 .785 .865 .806 .651 .608 
9 .135 .320 .414 .526 .588 .656 .747 .850 .837 .406 
10 .091 .234 .312 .413 .447 .498 .565 .662 .737 .533 
Total .589 .746 .810 .873 .896 .890 .885 .857 .767 .652 
BrovTn Swiss - MJ-ll-c fat 
1 .787 .647 b .122 -.338 -.418 -.535 -.408 .374 
2 .564 .693 — — — — -.039 -.359 -.373 -.322 -.105 .512 
3 .519 .606 — — — — .491 -.198 -.330 -.249 .042 .528 
4 .400 .526 .613 - .. - - - - - - - -
5 .380 .490 .569 .717 - - - - - -
6 .329 .438 .556 .678 .761 .827 .675 .392 .353 .844 
7 .260 .379 .464 .591 .675 .765 1.066 .513 .302 .464 
8 .173 .318 .409 .555 .613 .705 .791 .841 .522 .555 
9 .101 .219 .325 .461 .505 .586 .668 .788 .790 .454 
10 .076 .179 .248 .344 .364 .431 .482 .585 .686 .556 
Total ,534 .644 .715 .787 .811 .836 .813 .808 .739 .631 
Broîm Swiss - Solid s-not-•fat 
1 .844 .654 .342 — — .195 -.093 -.288 -.553 -.382 .432 
2 .711 .807 .727 - - .264 -.084 -.203 -.353 -.112 .613 
3 ,604 .764 .786 .543 -.025 -.214 -.236 .105 .680 
4 .535 .683 .783 .886 .405 .420 .105 .251 .930 
5 .487 .636 • .739 . 847 — - - -
6 .406 .557 .669 .789 .857 .887 .767 .413 .514 .937 
7 .365 .506 .597 .722 .793 .848 .930 .362 .261 .533 
8 .277 .438 .523 .651 .727 .780 .862 .788 .627 .574 
9 .165 .321 .411 .531 .593 .657 .741 .845 .839 .343 
10 .104 .238 .312 .415 .450 .498 .556 .650 .731 .541 
Total .579 .727 .794 .866 .890 .883 .883 .859 .775 .659 
^CorcHlation not estimable due to negative sire component of variance 
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Table 18. (Continued) 
Month Month of lactation Totsl 
1 2 3 4 5 6 7 8 9  1 0  
Jersey - Milk 
1 1.031 1.151 .783 .449 .197 .028 -.301 -.134 -.000 .597 
2 .707 1.160 .763 .552 .333 .160 -.116 -.022 .004 .680 
3 .598 .790 1.085 .697 .675 .238 -.400 -.224 -.Ill .734 
4 .529 .705 .767 .909 .620 .446 -.034 .064 -.112 .719 
5 .456 .638 .721 .806 .866 .808 .554 .471 .160 .866 
6 .404 .558 .627 .722 .836 .899 .730 .656 .354 , .856 
7 .387 .515 .590 .674 .782 .843 .829 .769 .459 .782 
8 .320 .435 .521 .605 .714 .797 .861 .924 .539 .549 
9 .253 .372 .446 .504 .583 .674 .731 .808 .681 .637 
10 .156 .273 .338 .370 .409 .466 .502 .571 .665 .531 
Total .607 .753 .801 .834 .867 .869 .868 .843 .781 .643 
Jersev - Milk fat 
1 1.006 .838 .420 .445 .304 -.048 -.511 -.439 .116 .484 
2 .580 1.042 .790 .789 .560 .242 -.137 -.159 .156 .764 
3 .460 .594 .995 .879 .929 .421 -.260 -.284 -.132 .714 
4 .378 .510 .573 1.004 .913 .555 .235 .319 .046 .831 
5 .299 .448 .527 .649 .892 .741 .299 .279 -.012 .835 
6 .262 .380 .471 .605 .727 .993 .641 .480 .221 .940 
7 .243 .348 .431 .552 .650 .751 .788 .695 .315 .779 
8 .189 .314 .380 .497 .620 .693 .757 .928 .365 .472 
9 .142 .263 .324 .419 .482 .565 .615 .718 .556 .512 
10 .100 .217 .264 .314 .339 .380 .405 .499 .596 .523 
Total .518 .647 .687 .749 .781 .797 .794 .792 .735 .627 
Jersey - Solids-not-fat 
1 .983 1.546 .763 .432 .231 -.011 -.392 -.207 .121 .572 
2 .698 1.540 .742 .583 .385 .235 -.023 .081 .163 .732 
3 .585 .751 1.235 .825 .845 .367 -.563 -.103 .036 .934 
4 .515 .659, .729 .995 ,665 .508 .009 .114 .021 .742 
5 .443 .590 .685 .782 .818 .837 .544 .565 .286 .887 
6 .384 .515 .605 .705 .815 .871 .704 .702 .393 .851 
7 .373 .476 .566 .649 .763 .831 .861 .776 .461 .784 
8 .305 .412 .508 .595 .700 .783 .849 .925 .530 .541 
9 .2:8 .356 .441 .502 .561 .657 .712 .785 .639 .654 
ID .156 .266 .340 .377 .404 .472 .488 .547 .649 .611 
Total .598 .723 .785 .822 .852 .861 .857 .836 .776 .649 
108 
Table IS. (Coiitinued) 
Month Month of lactation Total 
1 2 3 4 5 6 7 8 9 10 
Guernsey • - Milk 
1 .986 .637 .773 .517 .341 .083 .041 -.197 -.196 .517 
2 .737 .832 .813 .575 .505 .293 .133 -.153 -.033 .647 
3 .625 .790 1.021 .832 .739 .578 .360 .108 -.009 .767 
4 .582 .751 .838 .995 .875 .756 .599 .244 .179 .928 
5 .479 .629 .729 .834 1.022 1.036 . 944 .706 .444 1.038 
6 .420 .572 .697 .761 .816 1.068 .939 .703 .320 • .951 
7 .350 .483 .615 .678 .750 .853 .949 .803 .329 .865 
8 .252 .393 .525 .584 .665 .768 .874 .987 .652 .854 
9 .135 .281 .338 .446 .531 .612 .705 .824 .797 .661 
10 .077 .188 .285 .321 .389 .447 .509 .600 .736 .494 
Total .584 .732 .816 .853 .860 .879 .869 .837 .748 .623 
Guernsey - Milk fat 
.303 1 .891 .551 1.069 1.361 .027 -.348 -.370 -.577 -.407 
2 .600 .620 1.125 2.593 .007 -.194 -.124 -.288 -.129 .534 
3 .491 .621 1.118 2.577 .421 -.006 -.005 -.033 .027 .621 
4 .459 .591 .694 3.737 .181 -.627 -.033 -.283 .272 .789 
5 .342 .461 .531 .669 3.003 3.267 3.609 3.234 3.647 4.066 
6 .309 .419 .568 .629 .671 1.188 .888 .626 .334 .757 
7 .253 .373 .507 .556 .606 .785 .927 .695 .348 .524 
8 .151 .281 .420 .466 .518 .678 .778 1.015 .732 .733 
9 .056 .200 .292 .328 .381 .516 .611 .755 .820 .588 
10 .024 .141 .211 .224 .269 .374 .429 .557 .691 .613 
Total .513 .645 .725 .758 .751 .814 .815 .795 .712 .60S 
Guernsey - Sol .ids-aot-fat 
1 .991 .674 .958 .685 .384 .152 .069 -.240 -.230 .552 
2 .723 .845 .927 .749 .551 .377 .222 -.071 .092 .729 
3 .620 .771, 1.017 .894 .753 .602 .372 .103 .033 .776 
4 .579 .727 .812 .962 .811 .647 .482 .141 .257 .919 
5 .460 .605 .706 .811 1.042 1.079 1.019 .755 .582 1.125 
5 .402 .547 .683 .742 .799 1.064 .949 .690 .397 .953 
7 .328 .462 .592 .653 .739 .847 .929 .757 .327 .851 
8 .245 .379 .512 .567 .652 .763 .871 .955 .647 .839 
9 .133 .270 .375 .433 .513 .600 .695 .813 .792 .628 
10 .078 ,182 .276 .314 .383 .444 .504 .595 .739 .523 
Total .576 .715 .801 .839 .848 .872 .852 .836 .749 .628 
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Table 13. (Continued) 
Month Month of. lactation Total 
1 2 3 4 5 6 7 8 9 10 
Ayrshire - Milk 
1 .940 1.721 1.742 - - .501 .043 .073 .488 
2 .693 1.400 1.465 —  —  —  —  -.840 -.353 -.367 -.085 
3 .597 .792 .818 — —  -•1.781 -. 646 -.613 -.101 
4 .484 .668 .817 — " —  —  -•4.085-•1.265-•1.064 .035 
5 .400 .587 -732 .815 -  - - -
6 .358 .520 .677 .770 .863 
7 .293 .421 .551 .634 .690 .776 1.220 1.175 -.089 
8 .248 .379 .522 .603 .674 .764 .793 .878 .412 
9 .169 .295 .424 .496 .572 .640 .669 .838 .772 
10 .109 .255 .332 .381 .446 .497 .522 .642 .778 
Total .552 .711. .814 .838 .855 .872 .813 .842 .732 .674 
Ayrshire - Milk fat 
V..._ 
1 .837 1.219 .822 - - —  —  -  - -.215 -.093 .037 
2 .582 1.227 .962 — — - - -.910 -.361 -.073 
3 .476 .637 1.794 - — —  —  -•1.027 -.370 -.098 
4 .387 .526 .644 —  — -  - -.942 -.354 .061 
5 .335 .483 .557 .679 - - - - - -
6 .325 .439 .525 .623 .761 - -
7 .260 .346 .395 .502 .594 .678 - - - -
8 .244 .306 .395 .514 .607 .705 .700 .921 .131 
9 .153 .221 .326 .417 .525 .587 .606 .773 .676 
10 .089 .202 .243 .323 .421 .450 .459 .557 .733 
Total .535 .650 .703 .757 .802 .827 .760 .801 .757 .651 
Ayrshire - Solids-not-fat 
1 .932 1.573 1.365 -.032 .037 .506 
2 .681 1.356 1.390 — —  — — -.610 -.515 -.190 
3 .589 .767 .985 — — - -  -1.027 -.898 -.299 
4 .470 .636 .788 1.527-1.153 .122 
5 .382 .559 .700 .794 -  - - - - -
6 .361 .493 .550 .745 .851 
7 .299 .404 .531 .622 .692 .781 
8 .261 .367 .505 .606 .678 .779 .799 .817 -.011 
9 .135 .287 .410 .499 .575 .655 .677 .834 .595 
10 .127 .245 .309 .371 .427 .506 .512 .623 .760 
Total .550 .688 .788 .826 .856 .891 .825 .850 ,787 .667 
1.881 
.895 
.641 
-.302 
•1.363 
.254 
.538 
.841 
1.163 
.709 
1.029 
,853 
-.573 
.432 
.593 
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Tabla IS. (Coiiti^ iued) 
Month Month of lactation Total 
1 2 3 4 5 6 7 8 9 10 
Milking Shorthorn • - Milk 
1 .923 .223 .693 .302 -.361 -.203 -.173 -.006 -.564 .097 
2 .679 .776 2.760 .689 -.139 .215 .283 .245 -.301 .527 
3 .539 .777 3.285 .819 .175 .108 .052 .027 .003 .471 
4 .469 .691 .781 2.219 .417 1.069 1.294 2.329 1.686 2.422 
5 .348 .557 .698 . 784 .999 .694 .909 .901 .476 • 1.021 
6 .260 .465 .567 .672 .811 .999 1.111 1.250 .837 .914 
7 .201 .368 .481 .597 .736 .795 1.112 1.070 .610 .878 
8 .130 .268 .365 .474 .627 .709 .845 1.027 .447 .866 
9 .052 .148 .221 .351 .463 .567 .679 .815 .904 1.026 
10 .050 .156 .251 .310 .358 .453 .482 .583 .720 .624 
Total .490 .604 .738 .798 .833 .834 .830 .803 .724 .652 
Milking Short :horn -• Milk fat 
1 1.185 .366 —  —  -.979-•2.029 -.681-•1.194 -.932 -.687 
2 .537 -.004 •1.197-•2.411 -.281 -.387 -.346 -.565 — —  
3 .426 .655 —  —  -.149 -.426 -.021 -.146 -.623 -.457 —  —  
4 .344 .513 .615 —  - —  —  - - — — —  —  —  —  
5 .292 .430 .557 .670 .743 .817 .575-•1.584-•1.552 —  —  
6 .177 .351 .472 .613 .694 1.404 2.158 1.080 .520 —  —  
7 .156 .244 .386 .477 .658 .679 1.483 1.093 .583 —  —  
8 .108 .162 .273 .362 .560 .618 .755 .400 -.229 —  —  
9 .055 .113 .192 .285 .406 .470 .585 .747 1.045 —  —  
10 .031 .126 .170 .204 .277 .320 .385 .495 .676 
Total . 504 .605 .680 .741 .787 .752 .731 .735 .685 .586 
Milking Short ;horn - Solids-not-•fat 
1 2.150 -.725 " — -2.408-4.924-1.653-1.000 -.219-1.396 -1.733 
2 .670 .587 —  —  .114 -.856 .050 .320 .318 -. 194 .232 
3 .528 .742 1.042 .103 .103 .092 -.032 .305 .463 
4 .483 .627 .749 —  —  —  —  —  —  — M —  —  —  —  —  —  
5 .349 .524 .692 .758 .894 .921 .976 .863 .747 .977 
6 .275 .421 .561 .648 .791 1.021 1.043 1.067 .824 .707 
7 .217 .344 .490 .590 .741 .795 1.116 1.141 .754 . 944 
8 .135 .254 .385 .488 .642 .714 .845 1.005 .569 .917 
9 .075 . 147 .238 .351 .449 .549 .661 .809 1.036 1.104 
10 .088 . 162 .271 .289 .330 .413 .470 .551 .677 .898 
Total .496 .639 .742 .785 .824 .818 .833 .809 .720 .645 
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Table 19. Standard errors for genetic correlations from I-Iolstein data 
in Table 18 
Month Month of lactation Total 
2 3 4 5 6 7 8 9 10 
Milk 
1 .034 .049 .062 .075 .084 .083 .091 .092 .091 .062 
2 .020 .036 .058 .070 .086 .091 .093 .093 .052 
3 .021 .040 .060 .071 .084 .093 .096 .039 
4 .022 .039 .057 .072 .085 .094 .029 
5 .023 .037 .054 .072 .090 .023 
6 .017 .032 .055 .079 • .013 
7 .017 .039 .067 .022 
8 .019 .047 .028 
9 .024 .040 
10 .059 
Milk fat 
1 .042 .063 .080 .089 .094 .093 .093 .095 .092 .071 
2 .041 .057 .074 .081 .089 .088 .098 .099 .054 
3 .038 .053 .067 .074 .080 .094 .098 .042 
4 .037 .051 .059 .068 .085 .095 .031 
5 .029 .037 .048 .070 .092 .023 
6 .024 .034 .056 .080 .024 
7 .021 .040 .071 .027 
8 .023 .053 .027 
9 .030 .042 
10 .061 
Solids-not-fat 
1 .038 .054 .071 .087 .131 . 104 .101 .100 .096 .077 
2 .026 .043 .073 .097 .108 .106 .106 .102 .069 
3 .028 .049 .074 .089 .098 .106 .107 .049 
4 .029 . 049 .073 .086 .097 .102 .037 
5 .029 .046 .062 .079 .096 .023 
6 .022 .034 .059 .085 .024 
7 .014 .039 .071 .030 
8 
.022 .051 .032 
9 
.026 .056 
10 .045 
^Calculated froia the formula of Tallis (1959) 
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The correlations between monthly production and lactation total is 
of interest when considering the reliability of estimating whole from 
partial lactation information. These correlations are given in Table 18. 
Phenotypically, the mid lactation production is most highly correlated 
with total in all breeds and traits. This is in agreement with all pre­
viously reported literature. The genetic correlations for Holsteins 
are lower than the corresponding phenotypic correlations in early and 
late lactation. Near mid lactation the genetic correlations exceed the 
phenotypic correlations. 
The correlations between monthly production and previously cumu­
lated production in Table 20 indicate that there is a continuously de­
creasing relation after the second month. The genetic correlations are 
higher than the corresponding phenotypic correlations until mid lactation 
when this is reversed. The opposite picture is presented in Table 21 
with the correlations between cumulative production and total lactation 
production. These correlations are ever-increasing as the lactation 
progresses. This trend is expected, however, since it is part-whole 
in nature. The part is continually increasing as a portion of the 
whole as the lactation proceeds. The genetic correlations continually 
lag behind the corresponding phenotypic correlations. The genetic cor­
relation does not exceed 0.9 until the seventh or eighth month. This is 
in agreement with Lamb and McGilliard (1967) but is not in agreement with 
earlier work cited. 
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Table 20. Correlations between monthly yields and previously cumulated 
production 
Trait Month of lactation 
2 3 4 5 6 7  8 9  1 0  
Holstein - Milk 
Genetic .865 .881 .842 .762 .694 .659 .590 ,513 .457 
(.034)^(.02ô) (.027) (.033) (.048) (.054) (.061) (.068) (.075) 
Phenotypic .704 .765 .784 .776 .772 .754 .712 .633 .520 
Holstein - Milk fat 
Genetic .827 .762 .713 .683 .640 .621 .634 .521 .445 
(.042) (.044) (.048) (.053) (.058) (.059) (.057) (.068) (.076) 
Phenotypic .633 .653 .680 .683 .691 .687 .669 .605 .498 
Holstein - Solids-not-fat 
Genetic .852 .866 .801 .711 .619 .557 .518 .476 .423 
(.038) (.028) (.036) (.049) (.064) (.073) (.074) (.073) (.082) 
Phenotypic .695 .748 .761 .756 .753 .741 .707 .634 .518 
Brovm Swiss - Milk 
Genetic .791 .763 .757 1.585 .560 .319 .203 .025 .318 
Phenotypic ,740 .760 .752 .784 .763 .744 .707 .625 .537 
Brovra Swiss - Milk fat 
Genetic .787 
Phenotypic .564 .631 .597 .646 .675 .643 .634 .573 .498 
.704 — .324 -.145 -.038 -.076 .252 
Brown Swiss - Solids-not-fat 
Genetic .844 .756 .726 -- .497 .170 .126 -.081 .302 
Phenotypic .711 .736 .740 .770 .752 .741 .714 .636 .543 
Jersey - Milk 
Genetic 1.031 1.147 .809 .627 .517 .449 .183 .370 .297 
Phenotypic .707 .747 .740 .740 .723 ,737 .715 .654 .514 
Jersey - Milk fat 
Genetic 1.005 .932 .638 .778 .711 .443 .103 .239 .280 
Phenotypic .583 .587 .572 .584 .611 .633 .638 .581 .472 
Jersey - Solids-not-fat 
Genetic .988 1.547 .772 .644 .533 .465 .193 .432 .404 
Phenotypic .698 .721 .70S .714 .705 .723 .712 .647 .516 
^Standard error of genetic correlations for Holstein data; calculated 
from the formula of Tallis (1959) 
^Correlation not estimable due to negative sire component of variance 
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Table 20. (Continued) 
Trait Month of lactation 
6 7 8 9 10 
Guernsey - Milk 
Genetic .986 .726 .922 .743 .709 .655 .589 .417 .330 
Phenotypic .737 .758 .799 .743 .741 .714 .676 .585 .495 
Guernsey - Milk fat 
Genetic .891 .601 1.228 2.075 .210 .041 .198 .133 .414 
Phenotypic .600 .616 .675 .609 .633 .636 .590 .509 .450 
Guernsey - Solids-not-fat 
Genetic .991 .752 1.022 .835 .689 .652 .582 .382 .369 
Phenotypic .723 .747 .782 .722 .726 .701 .673 .581 .498 
Ayrshire - Milk 
Genetic .940 1.593 1.326 -- — -2.081 -.704 -.319 .570 
Phenotypic .693 .753 .729 .722 .731 .649 .689 .634 .565 
Ayrshire - Milk fat 
Genetic .837 1.274 1.028 -1.095 -.273 .162 
Phenotypic .582 .622 .607 .624 .663 .571 .638 .595 .527 
Ayrshire - Solids-not-fat 
Genetic .932 1.496 1.198 -- -- -- -1.439 -1.779 
Phenotypic .681 .737 .706 .703 .722 .649 .697 .647 .557 
Milking Shorthorn - Milk 
Genetic .923 .518 2.611 
Phenotypic .679 .711 .725 
Milking Shorthorn - Milk fat 
Genetic 1.135 .159 -- -2.073 —4.859 — — —— — 
Phenotypic .537 .613 .587 .590 .572 .543 .510 .477 .435 
Milking Shorthorn - Solids-not-fat 
Genetic 2.150 .240 -- .454 -.724 .647 1.110 1.095 .779 
Phenotypic .670 .689 .696 .672 .623 .637 .608 .524 .496 
.726 
.677 
.083 
.640 
.388 
. 622  
.698 
.589 
.875 
.518 
.424 
.509 
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Table 21. Correlations between cumulative production and lactation total 
Trait Number of irionths cumulated 
Holstein - Milk 
Genetic .602 .649 .705 .759 .812 .863 .907 .948 .984 
(.062)^(.050) (.042) (.035) (.029) (.022) (.015) (.009) (.003) 
Phenotypic- .602 .736 .810 .857 .895 .924 .948 .969 .988 
Holstein - Milk fat 
Genetic .462 .575 .664 .740 .805 .862 .910 .950 .984 
(.071) (.058) (.047) (.033) (.030) (.022) (.015) (.009) (.003) 
Phenotypic .598 .716 .793 .845 .887 .920 .945 .967 .987 
Holstein - Solids-not-fat 
Genetic .493 .544 .621 .691 .760 .825 .883 .935 .980 
(.077) (.066) (.057) (.043) (.039) (.030) (.022) (.013) (.004) 
Phenotypic .600 .726 .800 .851 .890 .922 .946 .968 .988 
Brovra Swiss - Milk 
Genetic .404 .579 .664 .737 .754 .818 .857 .914 .972 
Phenotypic .589 .7l3 .787 .849 .891 .923 .949 .972 .990 
Brown Swiss - Milk fat 
Genetic .374 .456 .494 .526 .536 .625 .713 .830 .945 
Phenotypic .534 .660 .738 .814 .866 .906 .933 .966 .987 
Brown Swiss - Soliis-not-fat 
Genetic .432 .538 .606 .684 .695 .782 .830 .898 .965 
Phenotypic .579 .702 .779 .845 .889 .923 .949 .972 .989 
Jersey - Milk 
Genetic .597 .637 .641 .680 .752 .829 .881 .928 .967 
Phenotypic .607 .733 .801 .852 .894 .928 .953 .972 .987 
Jersey - Milk fat 
Genetic .484 .613 .643 .717 .760 .810 .877 .927 .965 
Phenotypic .518 .650 .729 .802 .861 .905 .937 .962 .983 
Jersey - Solids-not-fat 
Genetic .572 .657 .654 .699 .770 .840 .896 .940 .971 
Phenotypic .598 .715 .787 .843 .889 .925 .951 .970 .987 
^Standard error of genetic correlations for Holstein data; calculated 
from the formula of Tallis (1959) 
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Table 21. (Continued) 
Trait Number of months cumulated 
1 2 3 4 5 6 
Guernsey - Milk 
Genetic .517 .577 .678 .732 .812 .875 .910 .950 .984 
Phenotypic .584 .705 .784 .834 .877 .912 .942 .967 .988 
Guernsey - Milk fat 
Genetic .303 .425 .525 .543 .636 .734 .789 .890 .973 
Phenotypic .513 .642 .731 .786 .835 .881 .918 .953 .983 
Guernsey - Solids-not-fai: 
Genetic .552 .632 .713 .744 .815 .881 .914 .952 .985 
Phenotypic .576 .694 .773 .823 .870 .908 .939 .965 .987 
Ayrshire - À^ilk 
Genetic 1.881 1.452 1.157 .956 .690 .420 .370 .594 .923 
Phenotypic .552 .684 .771 .832 .878 .915 .947 .971 .990 
Ayrshire - Milk fat 
Genetic 1.163 1.011 .977 .948 .814 .681 .656 .686 .890 
Phenotypic .535 .664 .741 .807 .862 .904 .940 .966 .988 
Ayrshire - Soliis-ngt-fat 
ÇQ tic — — — -a — — m» —» — — — — m» — •— 
Phenotypic .550 .676 .760 .825 .874 .913 .946 .971 .990 
Milking Shorthorn - 2-Iilk 
Genetic .097 .325 .425 .498 .600 .757 .890 .934 .972 
Phenotypic .490 .624 .708 .770 .826 .874 .916 .953 .984 
Milking Shorthorn -'Milk fat 
Çg ns 13_ c "" •* "• — — — — — — — —» — — — — — — 
Phenotypic .504 .624 .705 .779 .835 .879 .914 .952 .984 
Milking Shorthorn - Solids-not-fat 
Genetic -1.733 -.135 .168 .274 .449 .900 1.011 .957 .976 
Phenotypic .496 .617 .710 .776 .831 .878 .919 .954 .983 
^Correlation not estimable due to negative sire component of variance 
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Efficiency of selection on partial records 
If partial records are used to select for whole lactation produc­
tion, their effectiveness may be evaluated in terms of the relative 
efficiencies. Falconer (1960) has outlined this procedure on page 320. 
The relative efficiencies are a function of the heritabilities and gen­
etic correlation if one considers that the same proportion of the popu­
lation is selected. The efficiency of selection on single months in­
creases with stage of lactation to a maximum in the eighth or ninth 
month of lactation for all three traits. Milk fat shows the greatest 
change from first to eighth month. The efficiency of selection for 
total milk yield on a single month basis is the least variable through­
out the lactation. 
The usual situation under current milk testing procedures is to 
select on cumulative production to date. The efficiencies of such 
selections are shown in Table 23. For milk yield, selection after three 
months' production has accumulated is 0.9 as efficient as waiting for 
the completion of the lactation. The same efficiency is reached between 
the fourth and fifth months for SNF yield. This level of efficiency 
is not reached until nearly six months' production has accumulated for 
milk fat. It is interesting to note that for SNF, selection on the 
basis of cumulative production is never as efficient as selection on 
the basis of the eighth or ninth single month. It must be remembered, 
however, that these estimates are subject to high standard errors and 
this difference may not be real. 
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Table 22. Relative efficiency of selection for complete lactation production 
using monthly records as criterion for selection^ 
Trait Month of lactation 
1 2 3 4 5 6  7 8 9  1 0  
Milk .723 .776 .788 .808 .796 .793 .849 .902 .903 .767 
Milk fat .563 .672 .733 .721 .732 .795 .871 .948 .831 .684 
Solids-not-fat .663 .692 .761 .807 .839 .807 .862 .992 .990 .876 
^Holstein data 
Table 23. Relative efficiency of selection for complete lactation production 
using cumulative records as the criterion for selection^ 
Trait Number of months cumulated 
1 2 3 4 5 6 7 8 9 
Milk .723 .848 .903 .931 .940 .938 .944 .958 .977 
Milk fat .563 .721 .813 .854 .881 .904 .930 .968 .986 
Solids-not-fat .668 .772 .845 .890 .915 .915 .918 .936 .964 
^Holstein data 
It is possible that equal or greater progress can be made by se­
lecting for total production on the basis of partial production infor­
mation. This depends upon the accuracy of our estimates of the cor­
relations and heritabilities and upon our ability to evaluate more in­
dividuals so as to increase the selection intensity through evaluation 
on partial records. If covrs were evaluated only on the basis of their 
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early lactation production, more cows could be evaluated with the same 
amounts of labor and time. Therefore, selection intensity could be in­
creased and greater genetic advance made per unit of time. The relative 
selection intensity necessary to equal genetic advance from direct selec­
tion on total lactation production is the reciprocal of the relative 
efficiency. 
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CONCLUSIONS 
The genetic and phenotypic parameters for SNF production are simi­
lar to those for milk production. The parameters more closely resemble 
those for milk production than do the parameters for milk fat production. 
The genetic and phenotypic correlations between milk and SNF are higher 
than those between milk and milk fat. As. a consequence, indirect selec­
tion for SNF through selection for milk is more effective than indirect 
selection for milk fat. In fact, the heritabilities and genetic corre­
lations are such that selection for milk yield will effect as much gain 
in SNF yield as direct selection for SNF in most single months. There is 
only a slight decrease in effectiveness when pooled over all months of 
the lactation. 
Production appears most heritable in the early and late months of 
lactation. However, selection on the basis of a single month's produc­
tion would be most effective in mid to late lactation for increasing 
total lactational production of any of the three traits. With cumula­
tive production, the relative efficiency of selection is greater than 
with single month's production, given the same month of lactation. The 
exceptions to this are for SNF where the relative efficiencies of the 
single, eighth and ninth months exceed those for cumulative production. 
Any gain in efficiency through early selection depends upon an increase 
in selection pressure, because the relative efficiencies are all less 
than unity. 
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SUMMA.RY 
Monthly production of cows enrolled in the DHIA testing program of 
eight midwestern states was used to evaluate the genetic and pheno-
typic parameters. The primary traits were yields of milk, milk fat, 
and solids-not-fat. Nongenetic effects related to age of the cow at 
freshening and stage of lactation were eliminated by using multiplica­
tive and additive factors developed by McDaniel e^ al. (1967) and Spike 
(1965)jrespectively. The mostly nongenetic effects of month of year, 
herd effects, and any effects confounded with the herd-month subclass 
were taken into account by deviating from the herd-month average. Ter­
minal lactations were not included in the analyses. Within-herd analy­
ses indicated that the deviation process was effective in removing 
variation related to herds. 
The heritabilities were derived from the analyses of paternal 
half-sibs. Single months near the beginning and end of the lactation 
have the highest heritabilities while mid lactation months are less 
heritable. The repeatabilities followed a reciprocal pattern. Terminal 
months were least repeatable; the maximum repeatability occurred in the 
sixth or seventh month of lactation for all traits. 
Milk yield and solids-not-fat yield were more highly correlated 
phenotypically and genetically than were milk yield and milk fat yield. 
The correlations between traits within months tended to increase as the 
lactation progressed, but the changes were not great enough to be of 
consequcnce. 
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The heritability of cumulative production decreases as the lacta­
tion progresses. Repeatability increases as the lactation progresses 
with a maximum in the eighth or ninth month. The sams trend is apparent 
for all three traits. 
In all traitsJ the most highly correlated single months were ad­
jacent; the lowest correlations were betr/een initial and terminal 
months. There was an indication that early production was negatively 
related genetically to persistency or production in late lactation. 
Single months from mid lactation were most highly correlated pheno-
typically and genetically with total lactation production. As the 
lactation progresses, single months are less correlated with previously 
cumulated production. As the production cumulates through the lacta­
tion, the correlations with lactation totals increase. This is almost 
assured due to the part-whole nature. 
The relative efficiencies of selection on partial lactation infor­
mation indicate that early selection is ninety percent as effective when 
the partial record exceeds three months for milk, six months for milk 
fat, and four months for solids-not-fat. 
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